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Abstract 
 
 
 
 
PRODUCTION OF ENGLISH SCHWA BY  
JAPANESE SPEAKERS 
 
by 
 
Kaori Sugiura 
 
     This dissertation acoustically investigates how Japanese 
speakers deal with the English schwa when speaking English.  This 
investigation is interesting because the Japanese language does not 
have a reduced vowel equivalent to the English schwa.  In addition, 
English and Japanese differ in language rhythm: English has a 
stress-timed rhythm where schwa plays a crucial role, whereas 
Japanese has a mora-timed rhythm, in which a reduced vowel like 
schwa is not necessary to generate the rhythm.  Given these factors, 
the intriguing questions raised here are as follows: (1) how do 
Japanese speakers pronounce the English schwa (as its loanword 
adaptation into Japanese and as L2 speech production) and (2) 
whether and how Japanese speakers can improve the English schwa 
through training with auditory word repetition.  The acoustical 
analyses focused on the duration ratio and the quality.  The results 
of the online experiment on loanword adaptation indicate that the 
English schwa is basically adapted into the phonetic approximants, 
v 
reflecting the quality of schwa that varies in accordance with phonetic 
environment when auditory input is provided.  This suggests that 
Japanese speakers of English are sensitive to subtle differences in its 
quality.  In addition, when orthographic information is available in 
addition to auditory input, it greatly impacts the adaptation of schwa.  
The results from the task of reading the words aloud demonstrate 
that Japanese learners of English at the intermediate and high level 
have problems with the schwa in the initial syllable (duration).  
Additionally, the duration aspect of schwa develops more easily than 
the quality aspect, suggesting that the Japanese can effectively 
exploit the phonetic cues of duration in the L2 acquisition.  Lastly, 
the results of the three experiments investigating the effect of 
immediate repetition of auditory words on pronunciation 
improvement confirmed the effectiveness of restructuring the existing 
phonological representation in terms of duration, resulting in 
pronunciation improvement.  More specifically, (1) a 
weakly-represented linguistic pattern (weak-strong stress pattern: 
schwa in the initial syllable of a word) is strengthened by repetition, 
(2) a certain amount of orthographic input is necessary after intensive 
repetition with auditory words, suggesting that timing and amount of 
auditory and orthography input greatly influence the formation of 
target-like L2 phonological representation of schwa (this was clearly 
shown in the aspect of duration ratio), and (3) attention to syllables in 
auditory words facilitates (albeit insufficiently) the shaping of the 
English rhythm of phonological representation.   
     To conclude, the importance of L2 pronunciation pedagogy and 
further research from the perspectives of L2 phonological processing 
is suggested. 
vi 
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  1 
Introduction 
 
     This dissertation acoustically investigates how Japanese 
speakers produce the English schwa [ə] when adapting it into 
Japanese and when speaking English as a second language (L2), and 
whether or not they can improve the pronunciation of schwa by the 
immediate repetition of auditory words that include schwa. 
     The English schwa, which is articulated with the tongue 
returning to its mid-central rest position (Whitley, 2004, p. 150), is a 
unique vowel as compared to the full vowels.  Firstly, this sound 
occurs only in reduced syllables that do not receive stress, and it is 
likely to be pronounced with shorter duration and lower pitch and 
intensity compared to a vowel in a stressed syllable (Wallace, 1994).  
Second, the quality is greatly influenced by the adjacent phonetic 
environments (e.g., Kondo, 1994).  Moreover, the schwa occurs more 
often than any other vowels in English and appears in all vowel 
orthographies (Cruttenden, 2014, p. 138).  Lastly, the schwa plays 
important roles in creating a stress-timed language rhythm (e.g., 
Abercrombie, 1967, p. 97; Pike, 1946).  Since language rhythm 
affects speech intelligibility (e.g., Tajima, Port, & Dalby, 1997), it is 
crucial for L2 leaners to acquire English schwa.  
     Investigating how Japanese speakers pronounce English schwa 
is interesting.  One of the reasons is that Japanese language does not 
have such a reduced vowel in the vowel system.  Another reason is 
that English and Japanese differ in language rhythm: English has a 
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stress-timed rhythm where schwa plays a crucial role, while Japanese 
has a mora-timed rhythm, in which a reduced vowel like schwa is not 
required to produce the rhythm. 
     This dissertation, which focuses on English schwa produced by 
Japanese speakers, especially examines the two aspects of the schwa: 
the duration ratio of schwa to a stressed vowel in a word (henceforth, 
the duration ratio) and the quality, both of which greatly influence 
the English rhythm (e.g., Beckman, 1986 for the duration ratio; Grabe 
& Low 2002 for the quality).  In terms of the duration ratio, Japanese 
learners of English might have difficulty in pronouncing the 
native-like schwa because in the rhythm of the Japanese language, 
each mora is pronounced approximately equally in duration, while 
English has a stress-timed rhythm characterized by alternations of 
stressed syllables that are significantly longer than unstressed ones 
where schwa appears most frequently (Bolinger, 1965).  As for 
quality, probably because Japanese does not have a sound that is 
phonologically identical to the schwa (Vance, 1987), Japanese 
speakers might depend on their L1 full vowels and fail to produce the 
target quality when pronouncing schwa.  
     This dissertation centers on an investigation of, first, how 
Japanese speakers perceive and pronounce the English schwa.  
Second, the research delves into whether or not and how they can 
improve the English schwa through training with auditory word 
repetition, by focusing on the duration ratio and the quality. 
     To achieve the first objective, Study 1 in this dissertation 
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investigates how Japanese speakers perceive English schwa and 
produces it from the perspective of loanword adaptation (Chapter 2).  
The present study sheds light on whether or not Japanese speakers 
are sensitive to the quality of schwa that varies with neighboring 
phonetic environments.   
     Then, Study 2 investigates how Japanese speakers of English 
pronounce the English schwa in a word when it is presented in 
written form (Chapter 3).  The positions of schwa (initial, medial, 
and final syllables) in a word are examined.  Since investigations of 
the contexts in which schwa may be more difficult for Japanese 
speakers are lacking (Tomita, Yamada, & Takatsuka, 2010), the study 
will contribute to the literature. 
     Based on the findings from these two studies investigating the 
characteristics of English schwa perceived and produced by Japanese 
speakers, to address the second objective, Study 3 of this dissertation 
investigates whether or not and how Japanese speakers can improve 
the pronunciation of English schwa by a pronunciation training 
(Chapter 4).   
     As a training method, the immediate repetition of auditory 
words, in which learners listen to and repeat the presented auditory 
words as quickly as possible, is used since the method is considered to 
allow the learners to imitate specific phonetic details of stimuli that 
are not used phonologically in their first language (Goldinger, 1998).   
     As a unique aspect of this study, the amount (i.e., the number of 
repetitions) and quality (i.e., word familiarity, the position of schwa 
in a word, orthographic information, acoustically enhanced syllables 
of a word) of the auditory words as language input are controlled in 
the experiments because these factors are crucial for facilitating the 
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process of L2 language input.  This investigation will be able to 
reveal how much auditory input and what type of linguistic 
information Japanese learners are sensitive to and utilize to improve 
their pronunciation of schwa.  The findings of this study are 
discussed based on the phonological encoding processing in the model 
of L2 speech production (Kormos, 2006), and using the model, further 
research for improving English schwa by Japanese learners of 
English will be proposed.  The view of L2 speech processing will pave 
the way for providing new perspectives to L2 pronunciation research 
and teaching. 
     The dissertation is organized as follows: Chapter 1 provides a 
literature review, including studies on English schwa, Japanese and 
English phonology, the theories of loanword adaptation, production of 
English schwa (or unstressed vowels) by L2 learners, and oral 
repetition in L2 pronunciation training. Chapter 2 (Study 1) presents 
the findings that investigate how Japanese people perceives English 
schwa and adapts it into Japanese sounds.  Chapter 3 (Study 2) 
reports in which position it is the most difficult for Japanese leaners 
of English at intermediate and advanced levels to produce English 
schwa in the same manner as native speakers of English in terms of 
duration ratio of schwa to a stressed vowel (henceforth, duration 
ratio) and quality of schwa.  Chapter 4 (Study 3) shows the effect of 
auditory word repetition on the improvement of English schwa in 
terms of duration and quality of schwa by Japanese learners at the 
intermediate level.  Finally, Conclusion summarizes the findings 
from the perspective of L2 speech production and claims the 
significance of this dissertation.  
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Chapter  1  
Literature Review 
 
1 .1  Characterist ics  o f  Engl ish Schwa 
     Schwa is uniformly transcribed as /ə/ in the International 
Phonetic Alphabet.  However, it is often observed that the quality of 
schwa in languages varies greatly across contexts.  Focusing on the 
English schwa, this section first introduces the lexical and phonetic 
schwa.  Then, it provides the phonetic and phonological 
characteristics of schwa.  In terms of phonetic nature, its duration 
and quality are introduced along with how other factors, such as 
phonetic environments, the positions in a word, and speech rates, 
influence the phonetic characteristics of schwa.  The information on 
the phonetic characteristics of schwa in this study is crucial, as it 
establishes the criteria for judging the existence of schwa produced by 
the participants. 
     In terms of phonology, schwa is explained from the perspective 
of historical phonology.  In addition, the issue of the ubiquity of 
syllabic consonants and the schwa in a final syllable count in a word 
(Cohen, 1957; Toft, 2002), is described for a better understanding of 
English schwa. 
 
1 .1 .1  Two Types of  Schwa 
     Two types of schwa can be categorized according to their 
phonological characteristics.  The first is obligatory schwa 1 
                                                      
1 Since schwas in function words are not lexically significant, as opposed to the 
ones in content words, several factors, such as planning problems in the speech 
production, predictability, the segmental context, and the rate of speech, 
greatly influence the phonetic forms (Jurafsky,Bell, Fosler-Lussier, Girand, & 
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(Bolinger, 1985) or a lexical vowel reduction (Van Bergem, 1995). This 
type of schwa can occur in any position (i.e., initial, medial, or final) 
in a content word (e.g., ‘ago,’ ‘atom,’ ‘column,’ ‘telephony,’ and ‘sofa2’) 
(Roca & Johnson, 1999; Whitley, 2004).  It occurs irrespective of the 
local contexts, such as stress and speaking rate.  The present study 
examined this lexical schwa.   
     The second is a non-obligatory or non-lexical schwa, called an 
acoustic vowel reduction (Van Bergem, 1995).  It occurs in function 
words (e.g., ‘a,’ ‘the,’ ‘ to,’and  ‘of ’) (Jurafsky et al., 1998).  This type 
of schwa occurs when vowels are unintentionally reduced due to 
speech rate and speech style.  Thus, it is not phonologically 
represented in a word (Dalby, 1984; Van Bergem, 1995).  
     As a non-lexical schwa, a transitional schwa (Davidson, 2005, 
2006; Gick & Wilson, 2006) appears in the sequence of a high tense 
vowel (i.e., [i]) plus liquid (i.e., [l] or [r]), as in the English words ‘heel,’ 
‘hail,’ and ‘hire.’  It does not have phonemic status because it appears 
as a phonetic result of the tongue passing through a schwa-like 
configuration during the transition from the preceding high vowel 
toward the coda [l].  Producing a transitional schwa is a strategy for 
reconciling an intrinsic conflict between the articulatory targets (e.g., 
[i] and [l] in ‘heal’ [hi:l]).  Compared to the lexical schwa, the 
transitional schwa exhibits lower first formant frequency and a very 
short length, which are articulated by closing the mouth more than 
when pronouncing the lexical schwa (Flemming, 2004).  It should be 
kept in mind that defining non-lexical schwa is not straightforward.  
Specifically, no linguistic criterion exists for deciding exactly under 
                                                                                                                                                         
Raymond,1998). 
2 Schwa appearing in orthography as <e> is likely to be pronounced as [ɪ]. 
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what conditions3 an underlying full vowel in a function word becomes 
schwa.  However, among the function words, ‘a’  and ‘the,’ occur 
most often as schwa (about 76% and 70%, respectively), compared to 
other function words, such as ‘in,’ ‘on,’and  ‘and’(Jurafsky, et al., 
1998) . 
 
1 .1 .2  Phonetic  Characterist ics  of  Schwa in Engl ish 
     This section describes the phonetic nature of schwa in terms of 
duration of schwa, effect of speech rate on the duration, quality 
(formant frequencies), and effect of schwa’s position in a word on its 
quality.  In addition, the relationship between the duration and 
quality of schwa is introduced. 
 
1 .1 .2 .1  Duration 
     Wallace (1994) examined the phonetic characteristics of schwa 
using a large speech corpus of two American male speakers in three 
different modes (conversation, sentence reading, and wordlist 
reading).  She indicated that the duration of the schwa varied 
depending on its position within a word.  In word-initial and 
word-internal syllables (between 33 and 53 milliseconds), the schwa 
had a relatively shorter duration than in the word-final syllables (59 
to 131 milliseconds).  The schwa also showed a longer average 
duration in the word mode (71 milliseconds) than in the sentence 
conversation mode (50 and 58 milliseconds).  
     In terms of the duration ratio of a weak syllable to a stressed 
syllable in different word positions, the one in a non-final syllable of a 
                                                      
3 It is known that the vowel in a function word such as ‘at’, ‘in’, and ‘on’ can 
be full and stressed in careful speech, but may become a schwa in casual 
speech. 
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word was 0. 47 of the length of a stressed vowel; whereas the 
counterpart in a final syllable, 0.63.  These findings are consistent 
with those of previous studies.  Liberman (1960), who compared 
vowels with and without stress in minimal pairs distinguished by 
stress (e.g., CONtrast vs. conTRAST), found that stressed vowels 
were 66% longer than unstressed vowels.  Oller (1973) and Lehiste 
(1975) demonstrated that an unstressed syllable was 65% shorter 
than a stressed syllable. 
     In sum, the duration is sensitive to schwa position in a word and 
the duration ratio of a weak syllable including a schwa to a strong 
syllable is around 0.4 – 0.65. 
 
1.1.2 .2  Effect  o f  speech rate  on the duration of  schwa 
     Speech rate is a linguistic factor that influences the acoustic 
characteristics of vowels (Bell et al., 2003; Wallace, 1994) or causes 
vowels to become increasingly reduced in fast speech.  Although 
many studies have examined whether speaking rate affects the 
quality and duration of full vowels (e.g., Crystal & House, 1988 a, b; 
Fourakis, 1991; Tuller, Kelso, & Harris, 1982), few studies have dealt 
with the schwa in English.  
     In their studies of the relationship between speech rate and 
duration of vowels, including schwa, in the Dutch language, Van Son 
and Pols (1992) found that the duration of schwa had nothing to do 
with speech rate and claimed that a schwa is characteristically too 
short by nature to be shortened further.  However, it can be assumed 
that this result might have been due to the speech rate not being fast 
enough to make the schwa shorter.  Further evidence may be needed 
to support their result.  Although it remains unconfirmed whether 
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speech rate influences the reduction of the schwa, several studies 
have investigated the relationship between the speech rate and 
deletion of schwa. 
     First, Rubach (1977) reported that a reduced vowel followed by a 
sonorant consonant tends to be shortened in rapid and casual speech, 
for example, the word ‘nation’ ([-ʃən] is to become [-ʃn]).  In addition, 
Patterson, LoCasto, and Connine (2003) conducted a large-scale 
corpus study showing that the speech rate affects schwa deletion, 
although it is not the most influential factor in the phenomenon. 
     According to Davidson (2006), the elision of pre-tonic schwa (e.g., 
such as ‘believe’ → ‘blieve’) in fast speech is due to the overlapping of 
sequential gestures (Byrd & Tan, 1996).  Specifically, on the surface, 
deletion may appear, but it just reflects an overlap that hides the 
schwa, and it is actually produced.  For example, in the case of 
/#C1əC2-/ sequences (e.g., dəl-, məl-, bəl-, səl), if the consonant 
overlaps the schwa, a remnant of the schwa should still appear on the 
surface.  However, if the portion of the schwa remaining in the 
acoustic signal is very short, it may be difficult to distinguish the 
schwa both perceptually and visibly from the following /l/.  This is 
because /l/ has a vowel-like formant structure that is influenced by 
co-articulation; thus, the remaining schwa portion cannot be 
distinguished from the following /l/ (Ladefoged & Maddieson, 1996).  
In summary, speech rate can potentially influence the realization of 
phonetic variants of schwa in English; thus, this factor merits 
consideration in the present study. 
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1 .1 .2 .3  Formant frequencies   
    Vowel quality is described in terms of formant frequencies. The 
first formant frequency (F1) reflects the degree of mouth opening; the 
second formant frequency (F2) primarily reflects the front-back 
position of the tongue (Lindblom & Sundberg, 1971).  Due to the 
vowel reduction, schwa is likely to appear in the central vowel 
position and the F1 and F2 range of middle frequency values.  An 
acoustical analysis by Wallace (1994), based on the large corpus of 
speech produced by two male speakers, shows that schwa has an F1 of 
497 Hz, close to the value of a neutral vowel (i.e., 500 Hz) and an F2 of 
1685 Hz.  
     Arguing about the phonetic realization of schwa in terms of 
formant frequencies, researchers had two main viewpoints. Most 
researchers agreed that a schwa occurs at the center of the vowel 
diagram as a result of destressing (Crystal, 1985; Delattre, 1969; 
Fouraski, 1991; Gimson, 1980; Koopmans-van Benium, 1980).  Due 
to the centralization, the formant frequencies of the schwa approach 
those of a neutral vowel, that is, around 500 Hz, 1500 Hz, and 2500 
Hz for F1, F2, and F3, respectively (Fant, 1960). 
     Another view is that schwa is assimilated into neighboring 
phonetic contexts (De Jong, Beckman, & Edwards, 1993; Fowler, 
1981; Magen, 1984), and thus its formant frequencies demonstrate 
more variation than those of stressed vowels (Browman & Goldstein, 
1990).  
     Recent studies resolved this issue and concluded that both 
centralization and phonetic contextual assimilation are involved in 
determining the acoustic qualities of schwa (Browman & Goldstein, 
1992).  Kondo (1994) clearly demonstrated that the quality of schwa 
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in British English is realized in a certain target area (i.e., around 500 
Hz) in F1, but F2 values vary according to the neighboring phonetic 
environments due to co-articulation.  Kondo’s (1994) study examined 
the acoustic sequences of VCəCV4 with combinations of three vowels 
[ɪ, ӕ, u] and three consonants [p, t, k] that differ in placement in the 
articulation (the labial consonant [p], the coronal consonant [t], and 
the velar consonant [k]) of British English speakers.  The example 
sentences used for data collection were: 
Please dip a pin in the solution. 
You may pick a kitten from the basket. 
 
     Table 1.1 shows the F1 and F2 values at the midpoint of the 
schwa produced in the three consonants × three vowels.  In terms of 
F1s, the formant values are relatively consistent regardless of the 
types of vowels and consonants (e.g., F1s = 301, 276, and 284 Hz in [ɪ], 
and consonants = [p], [t], and [k]).  As for the F2s, the values differ 
according to the place of articulation of the neighboring consonants 
(e.g., F2s = 1391, 1695, and 1945 Hz in [ɪ], and consonants = [p], [t], 
and [k]).  Thus, this study showed that schwas with a neighboring [k] 
are distributed in a higher region of the vowel space than those with 
the neighboring consonant [p] due to the co-articulation of successive 
sounds.  From these findings, Kondo (1994) concluded that the schwa 
is specified for F1 but unspecified for F2.  
 
 
 
                                                      
4 V in the VCCV refers to a vowel and C to a consonant. 
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Table 1.1 
A sample of F1 and F2 values of schwa in the VCəCV produced by a 
British English speaker 
Note.  Adapted from “Targetless schwa: is that how we get the 
impression of stress timing in English?” by Y. Kondo,1994, 
Proceedings of the Edinburgh Linguistics Department Conference ’94, 
p. 67.   
 
1 .1 .2 .4  Effect  o f  schwa posit ion in a  word on i ts  qual i ty 
     Traditionally, all reduced vowels were transcribed as [ə] 
(Chomsky & Halle, 1968), but several researchers have argued that 
two types of reduced vowels—[ɨ] as found in ‘roses’ [roʊˈzɨz] and [ə] as 
in ‘Rosa’  [roʊzə]—exist and should not be described in a uniform 
way (e.g., Flemming & Johnson, 2007; Kenstowic, 1994; Ladgefoged, 
2001).  Both [ɨ] and [ə] are central vowels but are distinguished by 
height (Trager & Smith, 1951) (see also Figure 1.1).  
     In addition, Flemming and Johnson (2007) verified that a 
word-final schwa (e.g., ‘sofas,’ ‘Rosas’) has a different phonetic quality 
from schwas in other positions (e.g., ‘suggest,’ ‘today,’ ‘ begin,’ 
‘probable’), even though it has been uniformly transcribed as [ə].  
They argued that the word-final schwa tends to exhibit a mid-vowel 
quality (i.e., 539 Hz for F1 and 1797 Hz for F2), while schwas 
 F1(Hz)  F2 (Hz)   
Consonant 
Vowel 
[p] [t] [k] [p] [t] [k] 
[ɪ] 301 276 284 1391 1695 1945 
[ӕ] 321 283 293 1266 1567 1850 
[u] 312 275 286 1263 1640 1562 
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occurring in other positions generally have an F1 of 449 Hz and a 
relatively higher F2 of 1922 Hz, which is close to that of [i] (Figure 
1.2) (see also Cruttenden, 2014, p. 138, for variants of schwa /ə/). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1. Formant frequencies of all tokens of [ɨ] (filled triangles) 
and schwa (open squares) from the minimal pairs; the mean formant 
frequencies of the full vowels (gray circles.) Adapted from “Rosa’s 
roses: reduced vowels in American English,” by E. Flemming and S. 
Johnson, 2007, Journal of the International Phonetic Association, 37, 
p.93. Copyright 2007 by International Phonetic Association. 
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Figure 1.2. Formant frequencies of word final schwa (filled triangles) 
and schwa (open squares) from the minimal pairs; the mean formant 
frequencies of the full vowels (gray circles.) Adapted from “Rosa’s 
roses: reduced vowels in American English,” E. Flemming and S. 
Johnson, 2007, Journal of the International Phonetic Association, 37, 
p.93. Copyright 2007 by International Phonetic Association. 
 
1 .1 .2 .5  Vowel  duration variabi l i ty  and distr ibution of  schwa 
     From the perspectives of the relations between the duration and 
quality of schwa, Grabe and Low (2002) proposed an acoustic-phonetic 
system for measurement of rhythm called the Pairwise Variability 
Index (PVI).  Their rhythmic classification of speech differs from 
traditional systems of classification in that it relies on phonetic 
rather than phonological features.  Instead of measuring 
phonological units, such as inter-stress intervals or syllable durations, 
this index calculates durational variability according to successive 
acoustic phonetic intervals (Grabe & Low, 2002).  PVI consists of 
  15 
normalized PVI (nPVI) and rawPVI (rPVI).  
     A formula for calculating nPVI is given in equation (a). 
 
 
(a)  
 
where m is the number of items in an utterance and d is the duration 
of kth item.  
     The latter, rPVI is the measurement of the variability of 
consonantal intervals.  A formula for calculating the rPVI score is 
given in equation (b).  
 
(b)    
  
where m is the number of intervals, vocalic or intervocalic, in the text 
and d is the duration of the kth interval.  
     In this language rhythm indicator, stress-timed rhythm 
languages are expected to show relatively large nPVI values, which 
means that the duration of vowels in successive syllables will vary 
(i.e., a stressed syllable will usually be longer than a successive 
unstressed syllable in length).  Syllable rhythm languages, on the 
other hand, are expected to have relatively low nPVI scores (i.e., 
vowels in successive syllables tend to be equal in duration).  
  Low, Grabe, and Nolan (2000) applied nPVI to British English 
(BE) and Singapore English (SE) to investigate the variability in the 
duration of successive vowels (i.e., nPVI and the degree of vowel 
reduction in an unstressed syllable spectral pattern).  They found 
that SE demonstrated significantly less variability between 
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successive vowels (52.3 in the nPVI) than BE, and it exhibited 
reduced vowels in the periphery area of the first and second formant 
spaces.  This finding suggests that the presence of schwa in a 
language can be predicted by vocalic variability to some extent; 
unstressed vowels in languages with a low nPVI values may 
potentially be less reduced.  
 
1 .1 .2 .6  Summary of  the phonetic  characterist ics  of  schwa 
The findings of the phonetic characteristics of schwa, taken 
together, can be summarized as follows: 
(1) There are two types of schwa: the obligatory lexical schwa, 
which appears in content words (i.e., ‘ago,’ ‘atom’), and the 
acoustic schwa, which appears in function words (i.e., ‘the,’ 
‘ a’).   
(2) The duration of the phonetic characteristics of schwa is 
sensitive to its position in a word.   
(3) Speech rate also seems to influence the deletion of schwa in 
a word.  
(4) The F1 value of a schwa appears to be comparatively stable, 
while that of F2 varies according to the features of the 
adjacent consonants.   
(5) The position of schwa in a word influences its acoustic 
qualities. 
(6) The presence of schwa might be predicted by vocalic 
variability to some extent.  That is, schwa is likely to exist 
in languages with large nPVI values (i.e., the duration of 
vowels in successive syllables varies). 
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     Thus, these phonetic characteristics must be carefully 
considered in the present study. 
     
1 .1 .3  Phonological  Characterist ics  o f  Engl ish Schwa 
     This section introduces the phonological nature of schwa in 
terms of phonological status of schwa, historical development of 
schwa, and syllabic consonants and schwa in a word final syllable. 
 
1 .1 .3 .1  Phonological  status of  schwa 
     This section briefly describes the phonological characteristics of 
schwa.  Chomsky and Halle (1968, p. 111) explained the schwa 
phenomena with the phonological rules, illustrated in Figure 1.3.  It 
indicates the traditional view of English vowel reduction, which 
shows that every unstressed vowel is reduced to schwa.  However, 
Burzio (1994) argued that this explanation is too simplistic and that 
vowel reduction is generally blocked in an unstressed closed syllable 
with obstruents,5 but not in one with sonorant consonants.  
 
 
                                                      
5 Obstruents include stops (e.g., [p], [t], [k]), fricatives (e.g., [f], [s], and [ʒ]), 
affricates (e.g., [tʃ], [dʒ]), and sonorants refer to nasals (e.g., [n], [m], [ŋ]), 
liquids (e.g., [l], [r]), and glides (e.g., [j], [w]). 
Vowel tensing rule in English   
[stressv  ] 	  [+tense ] {[low ] #V} 
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Figure 1.3. Schwa phenomena with the phonological rules.  
The Sound Pattern of English, by N. Chomsky and M. Halle, 1968, 
p.111. Copyright 1968 by Harper and Row. 
 
1 .1 .3 .2  Historical  development of  schwa 
     Ahn (2001) described the historical development of the 
phonological characteristic of schwa.  The English schwa has 
diachronically changed in form over the last thousand years. Ahn 
(2001) stated that in Old English (OE) (eighth to eleventh centuries), 
schwa was an unreduced vowel even in unstressed syllables, and it 
was clearly pronounced.  Although the schwa in the Present-Day 
English is pronounced almost identically despite being represented by 
various spellings (e.g., ‘ banana,’ medium,’ ‘ item,’ ‘random’), the 
schwa in OE represented different sounds with different spellings 
(Kenyon, 1966, p. 202).  However, there is some evidence that certain 
vowels in unstressed positions were reduced to weak and short forms 
from full vowels in OE.  This fluctuation of the schwa’s 
pronunciation is reflected in the spelling of <e> in the West Saxon,6 
for example, in heofenas (‘heaven’) and adesa (‘adze ’) (Hogg, 1992, p. 
247). 
     By the eleventh century, distinctions between the vowels [ɛ], [ʊ], 
and [а] had become vague in unstressed final syllables.  This led to a 
                                                      
6 The West Saxon dialect is most often referred to as Old English. 
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historical transition to a uniform sound, [ə] (Gimson, 1972).  This 
phenomenon had penetrated all the vowels in unstressed syllables by 
the mid-fifteenth century, and the pronunciation of [ə] was similar to 
that of ME (also see Cruttenden, 2014, p. 139). 
 
1 .1 .3 .3  Syl labic  consonants  and schwa in a  word f inal  
syl lable  
     Let us closely look at the historical change in word-final vowels 
with which the current study deals.  In Old English (OE), a vowel in 
the word-final position was fully articulated.  However, in Middle 
English (ME) (eleventh to the late-fifteenth centuries), the final vowel 
was gradually reduced and evolved into a schwa.  After the ME 
period, the word-final schwa was further reduced and ultimately 
deleted (Minkova, 1991b).  Yamane (1996) analyzed this historical 
sound change using observations from Burzio (1994. pp. 112–126), 
Minkova (1982, 1991b), Kiparsky (1977), Kisparsky and O’ Neil (1976, 
pp. 553–4), Wells (1990).  She found that the development of 
word-final schwa deletion varied with the environment within the 
final syllable.  The affecting phonetic and phonological environments 
were as follows: open syllable, closed syllables with sonorant codas 
(e.g., [l, m, n, ŋ, r, w, or j]), and closed syllables with non-sonorant 
codas.  Schwa deletion occurred over the course of three different 
periods: Late Old English (LOE), Late Middle English7 (LME), and 
Modern English (MnE).  
     As shown in Figure 1.4(a), in word-final open syllables, 
word-final schwa deletion became obligatory after the LME period.  
                                                      
7 LOE is a language that was used in the tenth to eleventh centuries, and 
LME was used in the fourteenth to sixteenth centuries (Stewart & Vaillette, 
2001, p. 414).  
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To explain this phenomenon, Yamane adopted Minkova’s (1982; 
1991b) argument that schwa deletion occurs to compensate for open 
syllable lengthening (and vice versa) in order to preserve the metrical 
rhythm of the language. 
     Schwa deletion in closed syllables with sonorant consonants, as 
shown in Figure 1.4 (b), was optional before the MnE period.  
Yamane (1996) noted that one of the reasons for this deletion was 
found in metrical poetry.  In many cases, had schwa not been 
optionally deleted, the metrical poetry would have been un-metrical 
(Kisparsky,1977; Kisparsky & O’Neil, 1976, pp. 553–554).  Yamane 
(1996) further argued that schwa deletion became obligatory in the 
MnE period, since word-final sonorant consonants could become 
nuclear syllables without the insertion of schwa8 (Wells, 1990).  
     Finally, Yamane (1996) contended that in word-final syllables 
with a vowel preceding a non-sonorant coda, as indicated in Figure 1.4 
(c), the vowel cannot be reduced or deleted because the remaining 
non-sonorant cannot play the role of the nucleus of the syllable on its 
own and needs the support of the vowel to form a syllable (Burzio, 
1994, pp. 112–126).  She concluded that the sonority of the 
word-final syllable seems to play a significant role in the possibility of 
vowel reduction and deletion.  She added the interesting observation 
                                                      
8  However, Wells (1995) states that “the correct analysis of syllabic 
consonants is to treat them as constituting a phonetic manifestation of an 
underlying sequence of schwa plus an ordinary consonant. Thus ‘bottle’ is 
phonemically [batəl] and‘button’ is phonemically [bʌtən].” That is, 
phonetically, he might support all the sonorant consonants in the word final 
position as a nuclear syllable without inserting a schwa, but he might not 
phonologically. However, he admitted that “English has many words that 
exhibit fluctuation between a syllabic consonant and [ə] plus a non-syllabic 
consonant,” although he indicated the nasal syllabic consonants as 
examples. 
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that liquid syllabic consonants, such as [l] and [r], trigger the deletion 
of schwa because these are the consonants closest to vowels in 
sonority and can take the phonological status of vowels (Hayes, 1995).  
Her observation has given us an important insight into word-final 
vowel deletion from the point of view of phonology.  
 
 
 
Figure1.4. Optional or obligatory schwa deletion in the three types of 
word-final environments in each period. PrWd = Prosodic Word, F = 
Foot, $’= stressed syllable, $ = unstressed syllable, @ = schwa, #-word 
boundary. LOE = Late Old English, LME = Late Middle English, prE 
= present English. 9  Adapted from “Rekishiteki Oninhenka to 
Saitekisei Riron: Schwa shoushitsu no Baai,” In Onin Kenkyuukai 
Souritsu 10 Shu Nen Kinen Ronbunn Shu, edited by Onin Ron 
Kenkyu Kai, 1996, p.168. Copyright 1996 by Kaitakusha. 
                                                      
9  According to Traugott (2008, p.23), “The approximate periods of the 
history of English is referred to: Old English 650-1150, Middle English 
1150-1500, Early Modern English 1500-1750, Modern English 1750-1970, 
Present Day English 1970.”  
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     Toft’s (2002) empirical study supports Hayes’s (1995) view that 
liquid syllabic consonants, such as [l] and [r], trigger the deletion of 
schwa in a word final syllable because the consonants closest to 
vowels in sonority can play a role in the phonological status of vowels.  
She argues that syllabic consonant /l ̩/ and /n ̩/, where /l ̩/ is higher than 
/ n ̩/ in sonority, behave differently.  The syllabic consonant /n ̩/ is 
actually pronounced /ən/ when preceded by a non-coronal consonant 
(/p/, /b/, /k/, /g/. etc.), whereas syllabic /l ̩/ is always pronounced as [l] 
regardless of the preceding consonants.  Based on the phonetic 
evidence, as shown in Figure 1.5, Toft phonologically explained the 
phonetic behaviors of the syllabic consonants: a syllabic /l ̩/ is directly 
attached to a nuclear constituent in the phonological structure, 
whereas a syllabic /n ̩/ is attached to the onset and is sometimes 
spread to nuclear.  
 
 
 
 
 
 
Figure 1.5. Structures for syllabic /l/ and syllabic /n/. “N” stands for a 
nuclear and “O” for onset. X shows a slot.10 “ The phonetics and 
phonology of some syllabic consonants in Southern British English, ” 
by Z. Toft, 2002, ZAS Papers in Linguistics, 28, p.134. Copyright by 
ZAS (Center for General Linguistics). 
 
                                                      
10 This is referred to as “occupying the nucleus position on the syllable tier” and used 
in the generative theory. 
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1 .1 .3 .4  Summary of  the phonological  characterist ics  o f  
schwa 
The previous sections overviewed schwa in light of historical 
phonology and presented the issue of the presence and absence schwa 
in unstressed closed syllables with sonorant consonants in the 
word-final position. The findings of the phonological characteristics of 
schwa are summarized as follows: 
 
(1) In terms of the dynamic change of a full vowel to schwa, the 
reduction started in OE and prevailed in ME, becoming 
stable in the present form around the fifteenth to sixteenth 
centuries.  This process probably occurred due to the 
economy principles in language.11   
(2) Regarding the characteristics of syllabic consonants, the 
syllabic consonant /n ̩/ is realized as [ən] when preceded by a 
non-coronal consonant (/p/, /b/, /k/, /g/. etc.), whereas syllabic 
[l] is always realized as /l ̩/ regardless of the preceding 
consonants. Syllabic consonants should be carefully dealt 
with in the experiments in the present study. 
 
 
 
 
 
 
                                                      
11 Regarding the economy principles in language, Vicentini (2003) states that “in 
such a dynamic process as linguistic change, words are constantly being shortened, 
permuted, eliminated, borrowed and altered in meaning, but, thanks to the Principle of 
Least Effort, an equilibrium with a maximum of economy is always preserved.” 
(p.40). 
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1 .2  Engl ish and Japanese Phonologies 
     This section presents the similarities and differences in vowels, 
syllables, word accents, and language rhythms between English and 
Japanese, in particular, to understand the acquisition of English 
schwa by Japanese learners of English.   
 
1 .2 .1  Vowels   
     There are several differences between the vowels in English and 
Japanese in terms of the richness.  American English exhibits nine 
phonemic vowels (Ladefoged, 1993), including [i, ɪ, ɛ, æ, e, ə, ʌ, ʊ, ɔ, 
and a] in the vowel space, whereas Japanese vowels consist of five full 
vowels, [i.e., i, e, a, o, and u], which are phonetically realized as 
monophones that are not reduced in length. 
     English does not possess such phonemically contrastive vowels 
in terms of length, although it does have phonetically contrastive 
vowels; for example, a lax vowel /ɪ/ as in‘bit’ /bɪt/ and a tense vowel /i/ 
as in ‘beet’ /bit/.  Because of this difference, Japanese speakers of 
English often tend to distinguish English contrastive vowels by 
employing long and short categorical boundaries according to the 
Japanese strategy of phonemic distinction (Flege, 1995).  
     On the other hand, in Japanese, vowel length can be 
phonemically contrastive between short and long versions (i.e., one 
mora vs. two morae in syllable weight).  The Japanese short vowels 
have their long counterparts: /a, aa/, /e, ee/, /i, ii/, /o, oo/, and /u, uu/.  
For example, in‘biru’ (building), a short vowel /i/ is used; whereas 
in‘biiru’ (beer), a long vowel is used.  In this way, there is a contrast 
between long and short vowels in Japanese.   
     In terms of vowel quality, Japanese full vowels are distributed 
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in peripheral areas in the F1 and F2 acoustic vowel space, as shown in 
Figure 1.6.  The Japanese vowel space has an empty central area 
with no central vowel categories, whereas English has a mid–central 
vowel.  Tables 1.2 and 1.3 indicate the vowel formant frequencies for 
Japanese vowels (Imaishi, 1997) and English vowels (Peterson & 
Barney, 1952).  Due to the lack of a central vowel in the Japanese 
vowel system, it is plausible that the schwa produced by Japanese 
speakers of English might be mapped onto the sounds distributed in 
their native vowel spaces. 
 
 
              
 
    
  
               Japanese                      English  
Figure 1.6. The vowels of Standard Japanese (left) and English (right). 
Adapted from “Japanese,” by H. Okada, 1991, Journal of the 
International Phonetic Association, 22(1), p.94. Copyright 1991 by 
Cambridge University Press and adapted from Technology Enhanced 
Accent Modification. (2008). American English Vowels. Retrieved 
from http://www.tap.msu.edu/team/online/Default.aspx 
Copyright 2008 Michigan State University. 
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Table 1.2 
F1, F2, and third formant frequencies (F3) for Japanese vowels  
(females) 
 F1 F 2 F3 
[a] 978 1384 2716 
[ɪ] 381 2866 3699 
[u] 390 1274 2760 
[e] 510 2509 3246 
[o] 567  894 3099 
Note.  Adapted from Nihongo onsei no jikkenteki kenkyuu,  
by M. Imaishi, 1997, p.9 Copyright 1997 by Izumishoin. 
 
Table 1.3  
F1, F2, and F3 for English vowels (females) 
 F1 F 2 F3 
[i] 300 2800 3300 
[ɪ] 430 2500 3100 
[ɛ] 600 2350 3000 
[æ] 860 2050 2850 
[a] 850 1200 2800 
[ɔ] 590 900 2700 
[ʊ] 470 1150 2700 
[u] 370 950 2650 
[ʌ] 760 1400 2800 
['] 575 1700 2800 
Note.  Adapted from “Control methods used in a study of vowels,” by 
G. E. Peterson and H. L. Barney, 1952, Journal of the Acoustical 
Society of America 24, p.183. Copyright 1952 by AIP Publishing. 
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1 .2 .2  Devoiced Vowels   
     Although the Japanese language does not have a phonologically 
mid–central vowel, i.e., schwa (Kondo, 2000), it has a so-called 
devoiced vowel that shares common phonetic characteristics with 
schwa.  It is, for example, intrinsically short in duration, low in 
intensity, and often occurs in unaccented syllables (Kondo).  In 
Japanese, almost all the high vowels, /i/ and /ɯ/, frequently become 
voiceless in the full vowels between voiceless consonants and between 
a voiceless consonant and a pause (Kondo).    
     Although devoiced vowels and schwa share phonetic similarities, 
they differ in the process of phonetic realization (Kondo, 1994).  
Electromyographic data obtained by Yoshioka (1981) showed that 
vowel devoicing in Japanese occurs not from centralization or 
reduction, but from the glottal–gestural overlap between the 
consonants and vowels.  One might assume that Japanese speakers 
of English have no difficulty in producing schwa because they can 
produce a weak vowel as a devoiced vowel in their speech.  However, 
because the processes of articulating schwa and articulating the 
devoiced vowels are different, Japanese speakers may not be able to 
apply the same strategy for pronouncing the devoiced vowels to the 
production of the English schwa.   
 
1 .2 .3  A Mora and a Syl lable  
     English and Japanese syllables have different internal 
constituency: Japanese has a subsyllabic unit, a mora (Arisaka, 1940; 
Han, 1962; Hattori, 1965; Sugito, 1989; see Otaka, 2009, pp. 2-3, for a 
review), while English does not have a subsyllabic unit. 
     An English syllable consists of a syllable nucleus, most often a 
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vowel (V), with optional initial and final margins (i.e., onsets and 
codas), which are typically consonants (Cs) (English Phonetic Society 
of Japan, 2004, pp. 229-230).  English allows at most three 
consonants in an onset and four consonants in a coda (e.g., CCCV, 
‘string’; VCCCC ‘sixths’) (Otaka, 1998, p.61).   
     A Japanese mora typically consists of a consonant plus a vowel.  
In addition, there are three special phonemes that can become a mora 
(i.e., more phonemes) (Otaka, 2009, p. 2): 1) hatuson: /N/ (e.g., /taNbo/ 
‘rice fields’ has three moras), 2) sokuon: geminate obstruents, 
transcribed as /Q/ followed by an obstruent (e.g., /kiQta/ ‘cut’ has 
three moras), and 3) hikion: the second half of a long vowel, 
transcribed as /R/ (e.g., /ojiRsan/ ‘grandfather’ has four moras, while 
/ojisan/ ‘man’ has three moras) (see Otaka, 2009; Warner & Arai, 
2001).  Because of the relatively simple structure of a consonant and 
vowel (e.g., CV, V), the open syllabicity, and the practice of kana 
orthography, in which kanas (syllabaries) correspond with moras, it is 
easy to count the moras (Otaka, 2009, p. 2). 
     Since Japanese speakers are accustomed to the simple 
structures of the mora, they may face difficulty in perceiving English 
words (e.g., Tajima & Erickson, 2001) and pronouncing complex 
English syllables appropriately (Otaka, 1998, p. 220).   
 
1 .2 .4  Engl ish and Japanese Word Accents   
     English and Japanese exhibit different types of accents.  
English exhibits a stress accent; Japanese possesses a pitch accent.  
One of the differences between the two types of word accents lies in 
the phonetic features that generalize the accents.  The English 
accent is realized with pitch (fundamental frequencies, F0), 
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amplitude (intensity), and duration (Beckman, 1986), while Japanese 
mainly uses pitch (Beckman, 1986; Sugito, 1969).  It should be noted 
here that Beckman (1986) demonstrated an interesting similarity 
between the word accents in the two languages by comparing 
fundamental frequencies of disyllabic words. She revealed that the 
contrast between falling (L) and rising (H) intonation contours in 
Japanese (e.g., initial vs. final accented words as in kata ‘shoulder’: 
HL vs. kata ‘form’: LH) were very similar to English counterparts 
(initial vs. final stressed words, as in English ‘CONtrast’ vs. 
‘conTRAST’).  This finding suggests that the pitch factor in both 
languages corresponds to the other, and the type of pitch accent tone 
is limited to rising (H) and falling (L) (Akita, 2001, p. 137).  
Therefore, it can be assumed that for Japanese speakers of English, it 
is not difficult to perceive the pitch information of the English word 
accent.  
     Another difference between English and Japanese word accents 
is that in English, the phonetic features (e.g., pitch, intensity, and 
duration) involved in word accents are closely related to creating a 
stress-timed rhythm (Ueyama, 2000).  On the other hand, the 
Japanese accent is independent of the rhythmic aspect observed in 
the English stress accent (Haraguchi, 1977).  The rhythmic structure 
of Japanese largely depends on the number of moras and pauses with 
no contribution of pitch accent.   
1 .2 .5  Language Rhythm  
     English and Japanese have been traditionally classified into 
different timing categories.  English is a stress-timed language 
(Abercrombie, 1967), where an alternation of weak and stressed 
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syllables occurs in the stream of speech at an equal interval of time 
called an inter-stress interval (ISI), or a foot.  
     On the other hand, Japanese is a mora-timed language (Hattori, 
1960; Trubetzkoy, 1939;  see Warner & Arai, 2001 for a review), 
where the mora called ‘haku’ (beat) is regularly produced at an equal 
time interval as in syllable-timed rhythms.   
     Note here that in terms of the theory of the ISI in stress-timed 
languages, many researchers have taken the position that this idea is 
more uncertain than has previously been asserted.  Such theorists 
have put forward evidence from acoustic data that stressed syllables 
in English are not spaced at regular intervals (e.g., Classes, 1939; 
Lehiste, 1977).  Furthermore, researchers have also argued that foot 
isochrony is a perceptual phenomenon, not a physical one.   Darwin 
and Donovan (1980), Donovan and Darwin (1979), and Lehiste (1977), 
for example, found that listeners tend to perceive regularity in speech 
even where there is no such regular rhythm in a strict sense in the 
acoustic data.  
     Regarding mora-timed rhythm, Port, Dalby, and O'Dell (1987) 
provided a new definition of mora-timing, claiming that a word’s 
duration can be predicted from the number of moras in the word.  
Warner and Arai (2001) reviewed a number of major studies 
concerning mora-timing in Japanese, and concluded that although the 
concept of mora-timing began with the notion that moras were 
regularly timed, it seems that mora-timing is a matter of perceived 
duration rather than physical duration, as Bloch (1950) has also 
proposed.   
     In sum, English and Japanese employ different language 
rhythms.  English is traditionally classified as a stress-timed 
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language (Abercrombie, 1967; Pike, 1945), and Japanese has a 
mora-timed rhythm, although there are different opinions about the 
realizations of each rhythm (Block, 1950; Hattori, 1960; Trubetzkoy, 
1939; see Warner & Arai, 2001 for a review).  This difference in 
language rhythm might affect the production and perception of schwa 
by Japanese speakers of English in the present study.  
 
1 .2 .6  Summary of  Engl ish versus Japanese Phonologies 
     The previous sections briefly reviewed the comparison of 
Japanese and English phonologies in terms of vowels, syllable units (a 
syllable vs. mora), word accent, temporal organization.  In summary, 
the major differences between Japanese and English phonology are 
summarized as follows: 
(1) The Japanese accent is independent of the rhythmic aspect 
and the Japanese language does not have a schwa unlike in 
English, which plays an important role in making the 
English rhythm. 
(2) In realizing the accent patterns, English uses several  
elements including pitch, intensity, and duration, whereas 
Japanese mainly uses pitch.   
(3)  English uses phonetically contrastive vowels in quality  
(i.e., lax and tense), whereas Japanese employs a    
phonemic category using length (i.e., short and long).  
        
     It is expected that due to these phonological differences in 
accent and vowels between the two languages, Japanese learners of 
English might have difficulty in dealing with the English accent and 
schwa.  Thus, particular attention should be paid to the use of 
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English stress and schwa produced by Japanese learners of English. 
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1 .3  Preference of  Word Accent  Patterns in  Engl ish and 
Japanese 
     The present section reviews past studies that investigated the 
preference of accent patterns by children in English and Japanese.  
If the common preference in word accent patterns is found 
cross-linguistically in the first language (L1) acquisition, the 
preference might also be possible in second language (L2) acquisition.   
 
1 .3 .1  Preference of  Word Accent  Patterns by 
Engl ish-speaking Children 
     In the acquisition of L1 phonology, a number of empirical 
studies reported that young children have difficulty in learning schwa, 
showing that they tend to produce deformed (i.e., a full vowel) or 
omitted unstressed syllables in their speech (e.g., Allen & Howkins, 
1980; Carter & Gerken, 2003, 2004; Demuth, 1994; Gerken, 
1991,1994; Gerken, Landau, & Remez 1990; Gerken & McIntosh, 
1993; Vihman, 1996).  
     Allen and Hawkins (1978, 1980) were the first scholars to claim 
that young English-speaking children have difficulty in alternating 
stressed and unstressed syllables.  According to the researchers, 
English-speaking infants tend to omit unstressed functional 
morphemes that precede syllables with primary stress in 
multisyllabic words in their spontaneous speech; for example, 
‘elephant’ becomes ‘ephant*12’ and ‘banana’ becomes ‘nana*.’ Also, 
they stated that children slowly develop the ability to reduce 
unstressed vowels and that the speech production of one- or 
two-year-olds sounds syllable-timed (Allen & Hawkins, 1980).  
                                                      
12 An asterisk stands for grammatical incorrectness. 
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Three-year-old children accurately produced reduced syllables 
33—70 % of the time, but by the age of four or five, as their speech 
rate increases, they are able to produce a greater number of reduced 
vowels with an adult-like stress-timed rhythm (Allen & Hawkins, 
1978).  Similarly, Nittrouer (1993) showed that young children 
produce a longer reduced vowel in place of a formal schwa as late as 
seven years of age.   
     Researchers studying young children’s phonological 
development have maintained that there is a template for the 
development of language-specific timing patterns.  Allen and 
Hawkins (1978, 1980) propose that children are in favor of producing 
a certain rhythmic pattern, i.e., the trochaic (strong–weak) foot in 
phonological development.   
     Gerken(1991) and her colleagues claim that young children13 
are more likely to produce determiners such as ‘the’ with a schwa 
when these could be prosodified as shown in example (a), than as a 
part of a weak–strong syllable foot, as shown in example (b) (Gerken).  
In (a) and (b), ‘S’ stands for a stressed syllable, ‘W’ for a weak syllable, 
and ‘Ft’ for foot.  
 
      (a) Ken [pushed the] Ft [dog] Ft.  
            S    W  
   (b) Ken [pushes] Ft the [dog] Ft. 
             S  W W 
     Wijnen, Krikhaar, and Os (1994) examined rhythmic pattern 
information from the lexicon associated with the independently 
addressable onset, peak, and coda slots of disyllabic templates.  In 
                                                      
13 Gerken (1991) examined two-year-old children. 
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the disyllabic template, the leftmost peak slot is marked ‘strong’ (S), 
and the rightmost peak slot is marked‘weak’ (W).  They analyzed two 
Dutch children whose ages ranged from 18 to 35 months and 
demonstrated that SW trochaic words are almost always produced 
correctly, whereas the combination of iambic words and weak-initial 
words (e.g., a WSW sequence of syllables such as in the word‘banana’) 
are often deformed or omitted.  The data obtained in this study 
generally agree with the patterns of weak vowel omission reported by 
Allen and Hawkins (1978, 1980). 
     Demuth 14  (1994, 1995) cross-linguistically explained the 
truncation of functional categories, which are likely to be produced as 
syllables containing a schwa sound in early children’s speech.  She 
proposed the metrical model of production (MMP), adapting the 
phonological conception of ‘ foot.’  In her study, the language-specific 
metrical phonologies were considered for both penultimate stress (i.e., 
English) and stress-final languages (i.e., Sesotho.15)  The details of 
MMP are as follows: 
(1) Stressed syllables of a word are most likely to be retained  
       (e.g., S [SW]) 
(2) Unstressed syllables of a prosodic word are most likely to be 
omitted or reduced 
       (e.g., trochaic foot + pre-tonic syllable, W [S W]) 
(3) Unstressed syllables that fall within a foot are more likely to 
be retained than extra-metrical syllables  
       (e.g., iambic foot [WS], trochaic foot [SW]) 
                                                      
14 See Demuth (1994, 1995) for details on the development of prosodic 
words from a cross-linguistic perspective.  
15 Sesotho is the southern Bantu language, spoken in Lesotho and adjacent 
parts of South Africa to the north (Doke & Mofokeng, 1985). 
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     The research studies reviewed above have demonstrated the 
difficulty young English speaking children experience in learning 
schwa.  Also, they have shown that overall young children have a 
tendency to produce trochaic stress patterns. 
 
1 .3 .2  Preference of  Word Accent  Patterns by 
Japanese-speaking Children 
     The previous section mainly reviewed the omission of unstressed 
syllables in speech production by English-speaking children and their 
preference of stress-patterns in phonological development.  The 
question that arises here is whether or not young Japanese children, 
whose mother tongue is a mora-timed language, exhibit a 
phenomenon similar to English-speaking children in their speech 
production.   
     Boysson-Bardies and Vihman (1991) examined the development 
of global pitch contours of disyllabic words in the speech production of 
young Japanese children.  Their findings showed that the majority 
(83 %) of words produced have a falling contour (an HL pattern, for 
example,‘NEko’).  On the other hand, less than half of the words 
were produced with a rising contour (an LH pattern, for example, 
‘iNU’).  These results suggest that young Japanese children prefer to 
produce an HL pitch (falling) contour.  
     Ota (2003) demonstrated that Japanese-speaking children favor 
the falling contour (HL), and that their individual word truncation 
patterns are directly related to the frequency with which they hear 
specific lexical items.  One explanation for this is that the mother’s 
input frequency might be reflected in the children’s utterances 
because the words children hear are in phrase-initial positions 
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(falling, 48.5%, rising, 24.2%, and neither falling or rising, 20.2%).  
The amount of input might drive the children's development.  
Another explanation is that rising pitch (LH) takes longer and 
requires more physiological effort to implement (see Snow, 1998).  
Taken together, the previous studies imply that Japanese children 
prefer the falling contour (HL) in their speech production. 
 
1 .3 .3  Summary of  Preference of  Word Accent  Patterns in  
Engl ish and Japanese 
     In conclusion, the overall findings of the studies related to the 
accent patterns in L1 English and Japanese are summarized as 
follows: 
(1) English and Japanese are different in terms of accent 
realization; English exhibits accent by alternating stressed 
and unstressed syllables, while in Japanese, accent is 
realized through the combinations of high (H) and low (L) in 
pitch.  However, in both the English and Japanese 
languages, pitch is used in the realization of accent 
(Beckman, 1986), so it can be said that the strong and weak 
(SW) pattern in English is similar to the high and low (HL) 
pattern in Japanese.   
(2) English infants’ L1 acquisition shows a preference for the 
SW accent pattern, and for Japanese infants, it seems that 
the HL pitch pattern is easier to acquire.  Given these facts, 
one can speculate that cross-linguistically, the strong 
(high)–weak (low) accent pattern is unmarked (see Demuth, 
2006).   
     In the present study, it would be interesting to investigate 
  38 
whether Japanese learners of English also prefer SW word accent 
patterns to WS pattern. 
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1 .4  L o a n w o r d s  A d a p t a t i o n  
      This section reviews the English schwa produced by second 
language (L2) learners from the perspective of loanword adaptation.  
Needless to say, the purposes of study of loanword adaptation and 
those of second language acquisition differ.  In adaptation, the goal 
is to communicate with speakers of their own language, whereas the 
goal of L2 acquisition is to converse with native speakers of the target 
L2 language.  Thus, loanword results need to be used with care in 
considering phenomena in the study of second language acquisition 
(Haunz, 2007).      
     However, loanword adaptation and L2 acquisition are similar in 
that they reflect how L2 learners perceive L2 sounds and produce 
non-target-like pronunciation in the developmental stage of L2 
language acquisition, transferring their L1 metalinguistic knowledge 
to L2.  For example, native speakers of Japanese often substitute /a/ 
for /ə/, as in ‘about’ when producing English utterances and when 
producing a loanword in a Japanese context.  This means that 
adapted loanword forms may account for or provide insights into L2 
learners’ behaviors in perception and pronunciation acquisition.   
     The following sections provide an overview of loanword 
adaptation theories from the phonological and phonetic views and 
argue for the plausibility of examining the adaptation of schwa into 
Japanese vowels from the phonetic view. 
 
1 .4 .1  Loanword Adaptation Theories    
     There are two opposing theories to account for loanword 
adaptations: phonological and phonetic approaches.  In addition, 
integrated views that include a combination of the two have been 
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introduced.  The following sections provide an overview of the 
different loanword adaptation approaches.  
 
1 .4 .1 .1  Phonological  v iews 
     In a phonological theory, borrowers are defined as bilinguals 
who have an adequate knowledge of the source language.  The 
borrowers are able to accurately perceive L2 sounds at a phonological 
level that involves mental representation but not at a surface 
phonetic level.  An example is provided below in Table 1.4.  The 
source language English /ɪ/ and /ʊ/are phonetically closest to the 
French phonemes /ɛ/ and /ɔ/, respectively.  However, the English /ɪ/ 
and /ʊ/ are adapted as /ɪ/  and /u/ in French, which phonologically 
overlap with the phoneme category of English /ɪ/ and /ʊ/ (LaCharité & 
Paradis, 2005).  This example clearly shows that the phonologically 
closest sound might be chosen in a borrowing language rather than 
the phonetically identical one. 
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Table 1.4 
Comparison of the formants of stressed vowels in English and French  
 
Note. Summarized from “Category Preservation and Proximity versus 
Phonetic Approximation in Loanword Adaptation,” by D. LaCharité 
and C. Paradis, 2005, Linguistic Inquiry 36(2), pp. 14—15. Copyright 
2005 by The MIT Press. 
 
     Another case based on the phonological view comes from the 
adaptation of English vowels into Mexican Spanish. According to 
acoustical measurements, it should be expected that English /ɪ/ and 
/ʊ/ would be adapted as /e/ and /o/, respectively, in Mexican Spanish 
(see Table 1.5). Despite their acoustic proximity to Spanish /e/ and /o/, 
English /ɪ/ and /ʊ/ are not adapted as /e/ and /o/, but instead as /i/ and 
/u/. Table 1.5 below includes a comparison of the formants of the 
vowels in English and Spanish (Delattre, 1981) indicated in 
LaCharité and Paradis (2005).   
 
 
 
 
 
 Formant frequencies English Frehch French
                                                         (phonologically closest vowels) Phonetically closest vowels Ph n logic l y closest vowels
     English /ɪ/        ����� French /e/      French /i/
F1 375 400 275
F2 1,700 2,200 2,400
   English /ʊ/     ������� French /o/    ���  �  French /u/
F1 425 1,400 1,275
F2 1,300 2,800 2,775
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Table 1.5 
Comparison of the first and second formant frequencies (F1 and F2) of 
stressed vowels in English and Spanish 
 
Note. Summarized from “Category Preservation and Proximity versus 
Phonetic Approximation in Loanword Adaptation,” by D. La Charité 
and C. Paradis, 2005, Linguistic Inquiry, 36(2), p. 13. 
Copyright 2005 by The MIT Press. 
 
     In summary, the findings are mainly due to a phoneme-based 
view, such that allophonic realizations in L1 are ignored and the 
mapping applies to the L2 phonology.  
 
1 .4 .1 .2  Phonetic  v iews 
     As mentioned above, LaCharité and Paradis (2005) claimed that 
phonetic approximation (phoneme mismatching or non-perception of 
sounds) plays a limited role in loanword adaptation.  On the other 
hand, Silverman (1992) has argued that loanword adaptation is 
driven purely by auditory perception. Furthermore, Peperkamp and 
Dupoux (2003) stated that “a given input will be mapped onto the 
closest available phonetic category” (p. 368).  Their hypothesis is 
that the surface form of the foreign loan is mapped to L1 phonological 
categories and schemata in an extra-grammatical speech perception 
 Formant frequencies English Spanish Spanish
                                                         (phonologically closest vowels) Phonetically closest vowels Ph n logic l y closest vowels
     English /ɪ/        ����� Spanish /e/     Spanish /i/
F1 375 475 300
F2 1,700 1,950 2,250
   English /ʊ/     ������� Spanish /o/    ���  �  Spanish /ʊ/
F1 425 475 300
F2 1,300 950 2,800
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module on the basis of language-independent acoustic similarity. In 
other words, all adaptation takes place in perception (Dupoux, 
Fushimi, Kakehi, & Mehler, 1999; Peperkamp & Dupoux, 2003). 
     In the loanword adaptation model established by Silverman 
(1992), he divides loanword phonology into the following two levels: 
perceptual and operativesee Figure 1.7. The acoustic signal serves 
as input to the perceptual level, which is constrained by the native 
segment and tonal inventories of the recipient’s language.  The 
output is the input at the operative level, where perceived segments 
undergo ‘true phonological operations’ triggered by native phonotactic 
constraints (p. 297).  Let us take the English words‘rack’ and‘lack,’ 
for example.  When borrowed into Japanese, these words are 
modified by the segmental inventory of the host language, and both 
are changed into /rak/.  This is the output form of the perceptual 
level, which further undergoes vowel epenthesis and consonant 
germination at the operative level to yield /rak.ku/ (Kubozono, 2006). 
 
 
Figure1.7. Phonetic process in loanword adaptation.  Adapted from 
“Multiple scansions in loanword phonology: Evidence from Cantonese,” 
by D. Silverman, 1992, Phonology, 9, p. 293. Copyright 1992 by 
Cambridge University Press. 
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     As shown in Figure 1.8, Peperkamp, Vendelin, and Nakamura 
(2008) also take the phonetic view for loanword adaptation.  They 
claim that the adaptations are purely due to phonetic realization, 
showing the acoustic experimental evidence from Japanese 
asymmetrical treatment of post-tonic [n] in loanwords from English 
and French.  Since French has a strong vocalic release but English 
does not, the Japanese perceive the French [n] as their native vowel 
[ɯ] and the English  
[n] as their native sound [n].  
 
 
Figure 1.8. A speech-sound processing model. Adapted from “On the 
perceptual origin of loanword adaptations: Experimental evidence 
from Japanese,” by S. Peperkamp, et al., 2008, Phonology, 25, p.154. 
Copyright 2008 by Cambridge University Press. 
 
 
  45 
1 .4 .1 .3  Integrated views 
     An intermediate position has been argued by a number of 
researchers (e.g., Broselow, 2003; Kang, 2003; Kenstowicz, 2001, 2003, 
2004; Yip, 1993, 2002).  This view takes the position that the 
perceptual or phonological approaches alone are too extreme, and that 
the adaptation process can take a variety of factors into account to 
achieve the best match to the source word, including phonetics, 
phonology, orthography, a borrower’s knowledge of a source language, 
and so on.  
     Focusing on how orthography influences loanword adaptation, 
Vendelin and Peperkamp (2006) have argued that the theory of the 
phonological and phonetic principles that are active in loanword 
adaptations can only be developed if the influence of orthography and 
other meta- and socio-linguistic principles are factored out.  It is 
thus important to understand to what extent orthography influences 
loanword adaptations.  Vendelin and Peperkamp (2006) investigated 
how late French-English bilinguals adapted English non-words when 
the stimuli were only presented orally and when a combination of oral 
stimuli and their written representations (mixed: written plus oral) 
were presented.  The results showed that eight English vowels were 
adapted differently according to whether the input was oral or mixed.  
Specifically, in the mixed input, the French speakers depended more 
often on the way French speakers are used to reading English 
graphemes in their adaptations. These results thus confirmed the 
effect of orthographic information on loanword adaptations.   
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1 .4 .2  Summary of  the Findings and Further  Research  
     Taking the past literature into consideration, this section has 
argued that loanwords are in general phonetically oriented.  The 
overall findings of these L2 loanword studies can be summarized as 
follows: 
(1) The studies on loanword adaptation may provide insights 
into the non-target like pronunciation of schwa by L2 
learners.  
(2) There are a number of studies on loanword adaptations that 
argue about the two opposing theories: phonological and 
phonetic approaches.  At the same time, many researchers 
support the integrated views that include a combination of 
the two mentioned above.   
(3) To the best of the author’s knowledge, no empirical study 
has yet been carried out to investigate how English schwas 
are adapted into Japanese in the light of loanword theories.  
Since schwa’s quality in the second formant frequency 
changes slightly in accordance with the phonetic 
environment, schwa is a good test case for investigating 
whether Japanese borrowers can a) perceive subtle phonetic 
differences in the realization of the English schwa and b) 
can reflect them in their adaptations.   
 
     Also, the influence of orthography on loanword adaptation is 
investigated in this study.  One of the reasons for doing so is that it 
is highly possible that Japanese speakers depend on this orthography 
in their adaptation of English words since they have knowledge of a 
Japanese writing system, Romaji (alphabetic orthography).  Another 
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reason is that most Japanese are likely to have little contact with 
English sounds in daily life in Japan and to receive more written 
input for learning English.   
     This study contributes to the debates in loanword research 
theories as well as to L2 speech and orthographic processing studies 
(see Chapter 2). 
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1 .5  Second Language Acquisit ion of  Word Stress  and Schwa  
     The studies reviewed in the section 1.3.1 have shown that 
children in the process of acquiring English as their first language 
(L1) have difficulty treating reduced vowels.  If L1 children have 
such difficulty dealing with schwa, during their phonological 
development, it might be possible that second language (L2) learners 
of English have similar difficulty in the course of their L2 acquisition.  
This section discusses the past literature on the production of the 
reduced vowels including schwa sound by L2 learners in terms of 
duration and quality. 
 
1 .5 .1  Duration of  Schwa  
     Fokes and Bond (1989) investigated how non-native speakers 
whose mother tongues were not stress-timed (i.e., Farsi, Chinese, 
Hausa, Spanish, and Japanese) produce the duration ratio of a weak 
vowel to a strong vowel in three- and four-syllable words (e.g., 
‘confess,’ ‘compete,’ ‘confession,’ ‘compression,’ ‘competition,’ and 
‘combination’).  The results showed that the participants failed to 
produce native-like vowels and instead generally produced shorter 
stressed vowels and longer unstressed vowels compared to those 
produced by native English speakers.  The researchers explained 
that the syllable-timed L1 prosody might have negatively 
influenced the realization of stress-timed English derivatives. 
     A more recent study conducted by Lee, Guion, and Harada 
(2006) examined English unstressed vowels that appear differently in 
orthographic words (i.e., using different letter glyphs, i.e., <a>, <i>, 
<u>, <e>, and <o>) with respect to four phonetic aspects (duration: 
the duration ratio of an unstressed vowel to a stressed vowel a word, 
  49 
intensity, quality, and pitch) as produced by both early and late 
bilinguals.16  Five groups, consisting of 10 early Japanese bilinguals, 
10 late Japanese bilinguals, 10 early Korean bilinguals, 10 late 
Korean bilinguals, and 10 native speakers of English, participated in 
the study.  The test materials consisted of 19 English words that 
were highly familiar to the participants (see Table 1.6).   
 
Table 1.6 
Experimental words used in Lee et al.’s (2006) study 
 
Note. The underlined letters indicate an unstressed vowel. Adapted 
from “Acoustic analysis of the production of unstressed English 
vowels by early and late Korean and Japanese bilinguals,” by B. Lee, 
et al., 2006, Studies in Second Language Acquisition, 28, p.498. 
Copyright 2006 by Cambridge University Press. 
 
The participants were asked to pronounce these 19 words  once each 
in the following carrier sentence: ‘I said ____ this time.’ 
     The results showed that in terms of duration, the schwa 
produced by both early and late Japanese speakers was native-like.  
However, this was not the case with the Korean groups.  Lee et al. 
                                                      
16 These terms are selected according to the age that the learner started to 
study the target language. If they began learning English before a certain 
age (around 16) (Ellis, 1997), they are called “early bilinguals” or “early L2 
learners.” 
Position of schwa 
	 agenda banana eleven potato
possess
 machine spaghetti giraffe descent
compensate indicate introduce kangaroo
origin calendar agent manage
 medium basket
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(2006) explained this finding based on the feature hypothesis 
proposed by McAllister, Flege and Piske (2002), which states that L2 
phonetic features (i.e., pitch, intensity, duration, and quality) that are 
not used to perceive phonological contrast in L1 are difficult to use to 
perceive phonological contrast in L2, and this difficulty influences the 
learner’s production of the contrast.  Since Japanese has phonemic 
vowel distinctions in length (i.e., long and short) (Flege, 1995), 
Japanese speakers might have been able to utilize the phonetic 
feature (i.e., duration) to realize the English reduced vowels in 
duration in the manner of native English speakers. 
     Watkins (2007) studied reduced vowel productions by fluent 
speakers of English whose native language was Brazilian Portuguese, 
a syllable-timed language, examining whether or not the orthography 
and the presence or absence of a coda affected the degree of the 
durational reduction of schwa.  In Watkins’ experiment, 30 Brazilian 
Portuguese participants and five native speakers of English (the 
control group) read a list of 30 sentences, including six filler items, 
twice in succession.  Example sentences where schwa appears 
spelled as <a> are shown below in Table 1.7.  The results regarding 
the mean percentage duration of the stressed and unstressed 
syllables are shown below in Table 1.8. 
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Table 1.7 
Test example sentences where schwa appears spelled as <a>  
 
Note. An underlined spelling indicates either schwa or full vowel.  
Summarized from “Variability in Pretonic Vowel Reduction by Fluent 
Brazilian Speakers of English,” by Watkins, M, A. 2007, in A. S. 
Rauber, M.A. Watkins., and B.O. Baptista (Eds.). New Sounds 2007, 
Proceedings of the Fifth International Symposium on the Acquisition 
of Second Language Speech, p. 479. Copyright 2007 by Peter Lang.  
 
Table 1.8 
Mean percentage duration ratio for an unstressed syllable to a 
stressed syllable 
Note. <a>, <o>, and <u> show spellings. W and S indicate weak and 
strong syllables that precede the target vowel schwa. An underlined 
spelling indicates either schwa or full vowel.   
Adapted from “Variability in Pretonic Vowel Reduction by Fluent 
Brazilian Speakers of English ,” by Watkins, M, A. 2007, in A. S. 
Rauber, M.A. Watkins., and B.O. Baptista (Eds.). New Sounds 2007, 
Proceedings of the Fifth International Symposium on the Acquisition 
Sentence examples
Preceding syllable Coda Vowel
1.  The boss approves of our suggestion Strong No Schwa
2.  The workers approve of the decision Weak No Schwa
3.  The boys accepted the invitation Strong Yes Schwa
4.  The owners accepted our offer Weak Yes Schwa
5.  Her parents act in films Weak Yes Full
6.  He likes apple pie with cream Strong No Full
Environment
Overall a o u W_ S_ No-coda Coda
Brazilians 0.45 0.42 0.46 0.46 0.46 0.43 0.46 0.43
NS 0.40 0.42 0.39 0.38 0.38 0.42 0.4 0.41
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of Second Language Speech, p. 479. Copyright 2007 by Peter Lang.  
 
     Watkins (2007) statistically compared the degree of reduction 
(calculated by dividing the duration of an unstressed syllable by that 
of a stressed syllable) between the native Brazilian- and 
English-speaking participants, finding no significant difference in 
terms of orthographic letter, preceding stress level, or presence or 
absence of coda.  Thus, in Watkins’ study, native and non-native 
speakers were able to produce schwa in a statistically non-different 
way.  One reason for this may be that the Brazilian participants’ 
English proficiency was already at an advanced level at the time of 
the study. 
     Although Watkins’ (2007) study did not reveal the factors 
affecting schwa production by Brazilian Portuguese participants, the 
possible factors that have effects on the production of schwa used in 
his study, such as spellings where schwa appears, the word stress 
patterns, and the proficiency of the L2 learners, are worth considering 
in the present study as well.    
 
1 .5 .2  Qual ity  of  Schwa 
      Some previous studies on the production of schwa by L2 
learners have examined the quality of schwa by considering the 
effects of its position in a word, the number of syllables in a word, the 
orthography, and the adjacent consonants. 
      Regarding the effect of the position of schwa, Wenk (1985) 
studied French speakers of English, French speakers of English, 
whose native language has a fixed stress in the rightmost position 
(i.e., iambic language, see Eisenberg, 1991; Inkelas & Orgun, 2003).  
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Wenk (1985) hypothesized that if cross-linguistic difference affects 
the acquisition of the English reduced vowel, the French speakers 
would have more difficulty in producing the reduced vowel in the 
post-tonic position (e.g., ‘cabinet’).  Interestingly, however, the 
empirical finding indicated that the French participants learned an 
English post-reduced vowel earlier than one in the pre-tonic position 
(e.g., ‘Japan’).  This suggests that producing a pre-tonic schwa might 
be difficult for L2 learners. 
     Related to the effect of the schwa’s position in a word on its 
quality, Fokes and Bond (1989) showed that non-native speakers of 
English had difficulty in reducing the vowel of the second syllable in 
four-syllable words with an accent on the penultimate syllable (e.g., 
‘combination’).  This finding implies that it might be more difficult to 
learn a reduced vowel in the pre-tonic position (e.g., a schwa in a 
weak-stress rhythmic pattern), which is also true in the first language 
acquisition.  In terms of the effect of the number of syllables in a 
word, as this number increases, non-native speakers of English are 
more likely to produce unstressed vowels with more variability in 
quality, especially in the first syllable.              
     From the perspective of a coarticulation strategy, Kondo (2000) 
acoustically examined the production of schwa by fluent and 
non-fluent Japanese speakers of English as well as by native speakers.  
She claimed that the produced vowel qualities are different among the 
groups due to differences in coarticulation strategies.  In her study, 
the sequence of VCəCV (in which C represents a consonant and V a 
vowel) with possible combinations of three vowels /ɪ, ӕ,u/ and three 
consonants /p, t, k/ were used as experimental stimuli.  Examples are 
presented below: 
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     a)  ‘Please dip  a p in in the solution.’ /ɪpəpɪ/ 
     b)  ‘They are going to fit a timber roof on our house.’   
          /ɪtətɪ/ 
     c)  ‘You may pick  a k itten from the basket.’/ɪkəkɪ/ 
   (Adapted from Kondo, 2000, p. 32) 
 
     In these examples, the target vowel spelled as <a>, which is 
expected to be pronounced as schwa, is surrounded by the 
combination of vowel <i> and consonants /p/, /t/, or /k/.  
     Kondo’s (2000) results showed that for schwa, native speakers 
exhibit a certain F1 value (around 500 Hz) unique to schwa among 
English vowels, whereas the vowels produced by non-fluent Japanese 
learners of English show more variability in F1.  The F2 of the schwa 
sound produced by non-fluent Japanese learners of English was 
influenced by the vowels of their native language.  That is, they 
articulated each vowel clearly without the reduced vowel being 
assimilated into the neighboring sounds. 
     On the other hand, the mean F2 value of schwas produced by 
native speakers was characterized more by their surrounding 
phonetic context.  They coarticulated successive sounds, reflecting 
the place of articulation of the adjacent consonants of schwa, /p/, /t/, 
and /k/, on the quality of schwa.  Fluent L2 speakers of English, for 
their part, produced schwas similar to those of native speakers.   
     Tomita, Yamada, and Takatsuka (2010) acoustically 
investigated how intermediate Japanese learners of English 
pronounced the three point vowels,17 /i/, /u/, and /a/, appearing in 
                                                      
17 The term ‘point vowels’ are the vowels /i/, /a/, and /u/, which occur in all 
the world’s languages and determine the vowel space that forms a vowel 
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the first and second words of two monosyllabic words of noun 
phrases and schwa /ə/ spelled as <i>, <u> and <a> in English 
disyllabic words.  The stimuli used in their study consisted of three 
pairs of noun phrases and five disyllabic words.  Examples are given 
below: 
     (a) Full vowels in noun phrases   
       ‘tea spoon’ /i/–/u/,  ‘car pool’ /a/–/u/ 
       ‘peace march’/i/–/a/ 
     (b) Full vowels and schwas in words 
       ‘spoonful’ /u/–/ə/, ‘chicken’ /i/–/ə/  
       ‘Tarzan’ /a/–/ə/,‘ridden’ /i/–/ə/,‘common’ /a/–/ə/ 
 (Adapted from Tomita et al., 2010, p.378) 
      
The researchers hypothesized about the relationship between the 
qualities of the schwas and full vowels produced by the participants 
as follows: 
     The greater–schwa space hypothesis  
“The schwa triangle area formed by chicken, Tarzan, and 
spoonful in the F1-F2 space is greater for Japanese speakers 
than for native English speakers.”     
     
The shorter–vowel  distance hypothesis  
     “ The first and second vowels in words such as chicken and 
Tarzan are the same or similar for Japanese speakers, so that 
the distances between these vowels in words are shorter for 
Japanese speakers than for native English speakers.” 
                 (Adapted from Tomita et al., 2010, p. 377) 
                                                                                                                                                         
triangle (Liljencrants & Lindblom, 1972). 
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Regarding the greater-schwa space hypothesis, Tomita et al.’s (2010) 
findings indicated that the space formed by English schwa produced 
by Japanese speakers was greater than that produced by native 
speakers of English, revealing that the schwas produced by Japanese 
speakers learning English tended to be less reduced (i.e., in this 
context, less reduced means less centralized; see below for a 
discussion of duration) and thus closer to the full vowel in quality. 
     As for the shorter vowel distance hypothesis, there was an 
overall tendency for the Japanese speakers’ full vowel and schwa to be 
more similar to each other than those of the English speakers; for 
example, for the Japanese speakers, neither F1 nor F2 values were 
significantly different between the full vowel and schwa for the words 
‘redden’ and ‘spoonful.’  In contrast, for the English speakers, F1 and 
F2 values tended to be very different between these vowels. 
     Tomita et al. (2010) argued that this result was probably due to 
first-language interference.  They argued that since no schwa sound 
exists in Japanese, Japanese speakers tended to replace reduced 
sounds with the full vowels that exist in their first language’s 
phonological representations.  They also noted that there were 
variations in the F1 and F2 values of the target words and phrases 
among the Japanese participants. For example, one of the 
participants was able to produce a native-like schwa in terms of F1 
but not F2; in contrast, another participant demonstrated the 
opposite pattern, where the F2 value was native-like but the F1 value 
was not.  In addition, the participants’ performances varied 
depending on the words and phrases examined.  The researchers 
explained that this occurred because the participants’ English 
abilities were not high enough to produce a stable schwa across words 
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and phrases.   
      Lee et al.’s (2006) study, which was introduced in the duration 
section, also examined the quality of schwa produced by the early and 
late bilinguals of Korean and Japanese speakers.  One of the main 
findings is that the quality of schwa by all the groups was not truly 
native-like.  Based on the feature hypothesis (McAllister et al., 2002), 
the researchers explained that these findings might have been 
attributed to the fact that Korean and Japanese listeners do not rely 
on the vowel quality in the L1 phonology system to perceive word 
accent.  Therefore, they could not attend to the quality of English 
schwa at the developmental stage in learning schwa.  Another main 
finding is that the pronunciation by Japanese bilinguals is more 
target-like as compared to that of Koreans.  The researchers argued 
that this result was due to the fact that Korean has a high-central 
vowel [ɨ], which is quite similar to English schwa in quality; thus, 
they did not distinguish the slight difference between the two sounds 
(Flege, 1995) and reflected it in their pronunciation.  
 
1 .5 .3  Relat ions between Schwa and Rhythm: Schwa’s  
Phonetic  Behaviors  in  a  Rhythmic  Unit  
     Several empirical studies have investigated the production of 
schwa by L2 learners by considering the relations between rhythmic 
aspects and the quality or duration of schwa.  
     Focusing on schwa’s quality and the timing of the falling pitch, 
Akita (2001) conducted a one-year longitudinal study of three adult 
Japanese learners of English with high intermediate levels of English 
to examine the developmental process of pronouncing English schwa.  
All of them were studying in U.K. to improve their English.  The 
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results indicated that two of the three participants succeeded in 
improving their vowel reduction in terms of quality (a segmental 
aspect).  In addition, Akita found that unlike the third participant, 
those who were able to improve their segmental production ability (for 
a schwa vowel) succeeded in acquiring the prosodic aspect (i.e., the 
timing18 of the falling pitch) as well.  To place the stress on the first 
syllable, the two participants who acquired native-like English timing 
started the fall in pitch from the first syllable in a word (i.e.,‘caliber’), 
while the third participant started the fall in pitch from the second 
syllable (i.e., ‘caliber’), transferring the characteristics of Japanese 
pitch accent.  These findings suggest that there are the relations 
between the acquisition of the segmental feature (i.e., vowel 
reduction) and the prosodic feature (i.e., the timing of the falling 
pitch). 
     As mentioned earlier, Grabe and Low (2002) have proposed an 
acoustic-phonetic measurement for rhythm called “the pairwise 
variability index (nPVI).”  They revealed that whether languages 
possess a schwa or not is related to language rhythm, as indicated by 
the language’s nPVI.  The validity of nPVI as a measurement of 
language rhythm has been accepted by successive studies (White & 
Mattys, 2007), which have shown that it is useful for the study of the 
acquisition of both L2 and L1 rhythm. 
     Based on the nPVI developed by Low, Grabe, and Nolan (2000), 
the relationship between rhythmic pattern and degree of vowel 
reduction in Japanese learners of English was investigated by Satoi, 
Yoshimura, and Yabuuchi (2002).  In their study, university 
                                                      
18 The definition of timing here was determined by the starting point of the 
falling pitch in a speaker’s production of an English word. 
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students read three sets of sentences that included full vowels only 
(e.g.,‘John came back through France last Sunday.’); a reduced vowel 
(e.g.,‘John was sick of Fred and Sandy.’); and a mixed vowel set (e.g.,‘I 
am looking forward to hearing from you soon.’).  The students were 
also asked to use the following three different speaking styles: slow, 
normal, and fast.  The dependent variable was the PVI value and the 
independent variables were the groups (Japanese speakers and native 
English speakers), stimuli sets (vowel sets and reduced vowel sets), 
and speaking speed (slow, normal, and fast).  The results of a 
three-way analysis of variance (ANOVA) yielded significant main 
effects among all of the dependent variables.  One of the main results 
was that the native speakers’ PVI was higher than that of the 
Japanese speakers, suggesting that the rhythm produced by native 
speakers is closest to the typical type of stress-timed rhythm.  In 
addition, the difference between the nPVI values obtained from the 
full and reduced vowel sentences was larger for the native speakers 
and smaller for the Japanese speakers.  These results imply that the 
native speakers were able to reduce the vowels in the unstressed 
syllables as needed, while the Japanese speakers were not able to do 
so or were not aware of the reduced vowels. 
     Using inter-stress intervals (ISIs), Ueyama (2000) examined 
how Japanese learners of English treat English monosyllabic function 
words.  Specifically, she investigated whether these learners can 
learn to reduce English function words in duration.  She asked the 
participants to read the sentences listed in Table 1.9 aloud, using the 
syllable /no/ to avoid segmental effects on duration; for example, ‘go 
together’ had to be read as /NOnoNOno/ (‘NO’ and ‘no’ indicate 
stressed and unstressed syllables, respectively.) (Ueyama, 2000).  
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The results showed that the participants exhibited less reduction of 
an unstressed vowel in a monosyllabic function word in their L2 as 
compared to an unstressed vowel in a content word. The researcher 
explained that this was probably due to either a morphological 
difference between Japanese and English or a universal constraint on 
prosodic development.  In the first account, the English function 
words (e.g., articles such as‘a’ or‘the,’and prepositions such 
as‘in,’‘on,’or‘at’) were treated as clitics, which are morphologically 
independent but phonologically dependent on another word and are 
subjected to reduction. 
     In contrast, Japanese function morphemes (e.g., ‘ga,’ ‘o,’ and ‘ta’), 
as indicated below, are realized as independent words in which 
prosodic units carry their own stress.  These function words tend to 
be realized with longer duration than unstressed syllables in content 
words.  Ueyama (2000) argued that this tendency is likely reflected 
in the L2 with a negative transfer of L1 characteristics. 
 
            ‘Taroo-ga mikan-o tabe-ta 
            name-NOM tangerine-ACC eat-PAST 
            ‘Taro ate tangerines’ 
                         (Adapted from Ueyama, 2000, p. 110) 
 
     As an alternative account from the perspective of general 
learning constraints, Ueyama (2000) explained that since children 
learning English as their L1 also have a hard time cliticizing 19 
function words, this process may be cognitively challenging for L2 
                                                      
19 “Cliticize” stands for attaching to a morphological or a phrasal host 
(Spencer, 2001). 
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learners as well. 
 
Table 1.9 
Test sentences used in Ueyama’s study (2000) 
Note. ISI: inter-stress interval. Adapted from “Prosodic transfer: An 
acoustic study of L2 English vs. L2 Japanese,” by M. Ueyama, 2000, 
Unpublished Ph.D. thesis, University of California Los Angeles, p. 
115. Copyright 2000 by Motoko Ueyama. 
 
     Mochizuki-Sudo and Kiritani (1991) used ISIs as stimuli to 
investigate the acquisition of stress-timed rhythm by non-proficient 
Japanese learners of English, focusing on durational manipulation 
between stressed and unstressed syllables.  The ISIs in the example 
stimuli sentences (a) and (b) below have to be psychologically equal 
despite having a different number of syllables per ISI (● = a stressed 
syllable, ○ = an unstressed syllable).  In other words, to keep these 
ISIs consistent, native speakers tend to shorten the stressed vowel, 
but Japanese speakers do not use the same strategy as the native 
speakers do because each syllable is likely to be equal in Japanese. 
 
(a) I wrote the Christmas cards yesterday.  
         (between ● and ● = ISI) 
             ●  ○  ● 
ISI Content word Monosyllabic function word 
1 Gó together Sée    the    góvernor 
2 Sée the philosopher Bórrow   a   penny 
3 Gó to the philosopher Húrry to   the    ládder 
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(b) I was writing the Christmas cards.      
          (between ● and ● = ISI) 
               ●  ○ ○  ● 
              (Adapted from Mochizuki-Sudo & Kiritani, 1991) 
 
As expected, due to the rhythmic differences between the two 
languages, the native speakers tended to compress the stressed 
vowels when the unstressed syllables were added within an ISI, but 
this was not the case for the non-proficient Japanese speakers.  That 
is, it was difficult for the Japanese participants to control the 
duration of the ISIs. This indicates that the ISI is a temporal unit for 
native English speakers but not for non-proficient English speakers of 
Japanese. 
 
1 .5 .4  Summary of  the Findings and Further  Research  
     In conclusion, the overall findings of the studies on the 
production of schwa by L2 learners including Japanese learners of 
English can be summarized as follows: 
(1) The schwa’s position, the number of syllables in a word, the 
orthography, and the adjacent consonants influence the 
occurrences of schwa produced by non-native speakers of 
English.  
(2) The acquisition of schwa in terms of the aspect of quality 
seems to be more difficult than the aspect of duration for 
Japanese learners of English. 
(3) L2 participants’ inadequate English ability might interfere 
with the production of a stable schwa both in duration and 
quality. 
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(4) The acquisition of schwa by L2 speakers can be explained 
by the phonological status of their L1 phonetic features (i.e., 
pitch, intensity, duration, and quality). L2 phonetic 
features that are not used to perceive phonological contrast 
in L1 are likely to be difficult to acquire in the target sound.  
(5) It is evident that there is a strong relationship between the 
generation of unstressed reduced vowels and the production 
of accurate English prosody (e.g., timing, nPVI, inter-stress 
intervals) in L2 phonological acquisition. 
 
     Although the previous researches have revealed several 
characteristics of the production of schwa by L2 learners of English, it 
has been largely unexplored the production tendencies of Japanese 
leaners of English.  Especially, the investigations of the contexts in 
which schwa may be more difficult for Japanese speakers remain 
uncertain (Tomita et al.,  2010). 
     Despite the fact that the characteristics of schwa vary 
depending on its positions, the previous studies have not thoroughly 
examined the effect on the production of English schwa by L2 
speakers.  One study that involves Japanese speakers, considered 
the schwa in different positions in a word in their experimental 
stimuli but did not examine the effect on the pronunciation (Lee et al., 
2006); another considered the position of schwa with L2 speakers with 
different L1 backgrounds (i.e., Farsi, Chinese, Hausa, Spanish, and 
Japanese); however, it was conducted with a limited number of 
participants. 
     As shown in the previous studies, the acquisition of L2 sound is 
related to the phonological status of speakers’ L1 phonetic features 
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(i.e., pitch, intensity, duration, and quality).  Thus, the investigation 
of the production of schwa considering the phonetic feature 
hypothesis (McAllister et al., 2002) and the factor of the positions of 
schwa in a word will be able to more clearly reveal the characteristics 
of schwa produced by Japanese speakers (see Chapter 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  65 
1 .6  Second Language Pronunciat ion Training 
     Several researchers have addressed the importance of learning 
the English schwa in helping second language (L2) learners of English 
effectively communicate (Cruttenden, 2014, p. 333).  As shown in the 
previous sections, L2 learners whose native languages are syllable- or 
mora-timed are particularly likely to experience difficulty in 
pronouncing native-like schwa because of the differences in language 
rhythm between their L1 and English (Whitely, 2004, p.150).  A 
number of researchers have investigated the state of the acquisition 
of schwa among English language learners, but few studies have been 
devoted to the effects of pronunciation training on English schwa for 
L2 learners.  An essential requirement, therefore, is to investigate 
whether L2 learners can improve their pronunciation of the schwa 
through training.  The present study repeatedly exposes participants 
to auditory input as a component of pronunciation training because 
the effectiveness of the repetition of speech on L2 pronunciation was 
proved in the previous studies (e.g., Hori, 2008; Goldinger, 1998; 
Karasawa, 2010; Mori, 2011; Ofuka & Gilbert, 2013; Paulston, 1971; 
Someya, 1996b).  The rest of this chapter introduces related studies 
on the effects of speech repetition on L2 pronunciation and provides a 
summary of the findings, and subsequently recommendations for 
further research are presented.   
 
1 .6 .1  Effects  of  Intensive Experience of  L2 Auditory Input  on 
L2 Pronunciat ion Improvement 
     With intensive experience of auditory input, the facilitation of 
speech processing in both production and perception is expected.  
Indeed, several studies have demonstrated the effects of repeat 
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auditory input on L2 pronunciation.  Paulston (1971), for example, 
suggested the importance of repetition or pattern practice in 
developing L2 pronunciation.  Goldinger (1998) used the immediate 
repetition paradigm, wherein the participants are asked to shadow 
speech; their productions were then compared by looking into the 
before- and after-exposure pronunciations.  The results revealed that 
the participants improved their F0 in the direction of the target 
sound.   
     Someya (1996b) advocates shadowing as a means of improving 
prosody, including components such as accent, intonation, placement 
of pauses between sense groups, and linking/assimilation of sounds.   
     In an empirical study, Karasawa (2010) found that Thai learners 
of Japanese who performed 30-minute shadowing activities for 5 days 
improved their pronunciation, as well as reduced the amount of error 
production in terms of word accent placement, glottal sound 
production, and tone production at sentence endings.  In another 
empirical work, Mori (2011) reported that after a sequence of 
30-minute shadowing practices conducted over 10 weekly English 
lessons, the proficiency of Japanese learners of English improved in 
terms of the F0 ratio of unstressed to stressed syllables, as well as in 
terms of intensity, duration, and pitch.  The author suggests that 
shadowing training enhances the English prosody of Japanese 
learners.  An issue worth noting is that in both Karasawa (2010) and 
Mori’s (2011) studies, learners were provided the opportunity to refer 
to their textbooks after receiving auditory input, to read the text 
aloud several times, and to check their recorded productions.  This 
self-feedback (i.e., explicit information) may have influenced their 
subsequent performance given that it facilitates learner observation 
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of mispronunciation.   
     Ofuka and Gilbert (2013) determined whether Japanese EFL 
learners’ pronunciation features can improve through instruction that 
involves dictation and oral repetition of authentic language input.  
They asked the participants to view movie clips in a 12-week 
classroom experimental setting, and the pronunciation features 
examined included intonation and unstressed words (i.e., function 
words), verb morphemes (e.g., ‘wanted’), and contraction forms (e.g., 
‘didn’t’).  Two groups were recruited for the experiment: an 
experimental group, which received the raising-awareness tasks for 
target forms, and a control group, which was exempted from the tasks.  
Data were elicited through an immediate oral repetition task.  They 
analyzed the data by scoring pronunciation accuracy, which was rated 
by two experienced English instructors (native and non-native 
speakers), and by comparing the pre- and post-test scores of the 
groups.  The results indicated that the experimental group 
significantly improved in oral imitation accuracy, but the control 
group did not.  These findings suggest that educational intervention 
intended to enhance learners’ attention to target forms in oral 
repetition tasks facilitated L2 pronunciation learning.  It is 
important to note here that regarding unstressed words (i.e., function 
words), the repetition seemed to be less effective for unstressed words 
as compared to the other sounds such as intonation, suggesting that 
the unstressed sound does not quickly improve by the perception and 
imitation of the words.   
     The aforementioned previous studies (i.e., Karasawa, 2010; Mori, 
2011; Ofuka & Gilbert, 2013) implemented educational intervention 
programs that raise learners’ awareness of linguistic forms.  
  68 
Conversely, the study discussed in the succeeding paragraph shows 
that even without such feedback or explicit instructions about target 
pronunciation, learners can improve their pronunciation to a certain 
extent.  
     Hori (2008) demonstrated that Japanese learners of English can 
benefit from simply repeating what they hear in a shadowing activity.  
She illustrated how the learners improved their pitch range simply by 
repeating the target words in a shadowing activity.  During the 
experimental training, she did not provide the learners with 
orthographic information or explicit phonetic instructions.  
Therefore, the results obtained in this study originated purely from 
learner sensitivity to the presented phonetic and phonological 
information in words.    
1 .6 .2  Summary of  the Findings and Further  Research 
     In what follows, the findings obtained in the previous studies on 
repetitive training for L2 pronunciation are summarized and 
recommendations for further research are presented: 
(1)  The immediate repetition of auditory speech can facilitate  
L2 pronunciation at both segmental and suprasegmental levels.  
(2)  Educational intervention designed to enhance learners’ 
attention to target forms appears to facilitate pronunciation 
performance.  
(3)  Most of these studies were conducted with repetition tasks, 
wherein semantics- or discourse-related factors may be involved. 
  
     Although research such as that already mentioned has 
highlighted the potentially considerable effectiveness of oral speech 
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repetition in improving L2 pronunciation, further investigations are 
needed in the following respects.   
     Firstly, the improvement in the pronunciation of English “schwa” 
by Japanese speakers through repetition has not been acoustically 
investigated.  The findings from the Ofuka and  Gilbert’s study 
(2013) that investigated unstressed words (i.e., function words) as one 
of the target sounds shows the modest improvement for unstressed 
words; however, they did not examine these words acoustically.  The 
present study measured acoustically the repetitive effect on the 
English schwa in the aspects of duration and quality so that it can 
clearly reveal the characteristics of the pronunciation by the 
participants.  
     Secondly, concerning the experimental techniques, several 
factors, such as semantics, structures, discourses, and familiarity 
with words in auditory input, may influence the effects of repetition 
on pronunciation in tasks such as shadowing or other activities 
performed in classroom settings.  Thus, the issue that remains 
unclear is whether such effects are due entirely to the repetition of 
auditory input.  To solve these problems, the present study carries 
out word-level experiments. 
     In addition, it is uncertain how much auditory input is 
necessary, what specific phonetic information in auditory input L2 
learners can utilize to improve the pronunciation of the target L2 
sound, and what information accompanying auditory input positively 
influences the acquisition of the target sound.  Therefore, the 
present study controlled two main input factors: the amount of 
auditory input (the number of repetitions of auditory words) and the 
quality of input (e.g., word familiarity, word stress patterns, 
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orthography, and acoustically modified input).   
     More details are introduced in Chapter 4. L2 pronunciation 
studies, like the present one, that approach pronunciation from the 
perspective of L2 phonetic/phonological processing have been less 
explored; however, it is necessary to provide these insights to advance 
techniques of pronunciation teaching (see Chapter 4).  
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Chapter  2  
Study 1:  Loanword Adaptations of  Engl ish Schwa  
into  Japanese 
 
2 .1  Introduction 
     As reviewed in Chapter 1, the discussion of loanword 
adaptations has been a controversial topic among researchers.  They 
have maintained two opposing theories — phonological and phonetic 
approaches.  The phonological theory claims that borrowers, defined 
as bilinguals with adequate proficiency in the source language, 
accurately perceive second-language (L2) phonological categories 
(LaCharité & Paradis, 2005). ? In this framework, borrowers process 
L2 sounds as mental representations, not as surface phonetic forms.  
On the other hand, Silverman (1992) and Peperkamp and Dupoux 
(2003) conclude that loanword adaptation originates at the level of 
speech perception, but not from phonological grammar.  Claiming 
that loanword adaptation is driven only by auditory perception, they 
argue that “a given input will be mapped onto the closest available 
phonetic category” (Peperkamp & Dupoux, 2003, p.368).  
     Many other researchers regard such strictly perceptual or 
phonological approaches as too extreme.  Instead, they maintain that 
adaptation in an attempt to achieve the best match to the source word 
involves multiple factors, including phonetics, phonology, 
orthography, and the borrower’s proficiency in the source language 
(e.g., Kenstowicz, 2004).  
     Acknowledging the previous literature, the present study argues 
that loanwords are fundamentally phonetically oriented by 
presenting evidence of the adaptation of the English schwa into 
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Japanese loanwords.  There are two reasons for taking the phonetic 
view: First, it is reported that the American English schwa lacks an 
articulatory target and does not have place features (Halle & 
Mohanan, 1985, p.82).  Thus, it would be difficult to explain the 
adaptation of the English schwa into Japanese by using a 
phonological approach.  Another reason lies in the characteristics of 
phonetic schwa.  The quality of the English schwa differs in 
accordance with the place of articulation of its adjacent consonants.  
Specifically, the first formant frequency (F1) is relatively stable, 
being exhibited around 500 Hz, while the second formant frequency 
(F2) varies with its neighboring phonetic environment because of the 
coarticulatory effect (Kondo, 1994).  It appears that such phonetic 
differences in the English schwa are reflected in Japanese loanwords 
according to a simple investigation of existing Japanese loanwords 
conducted by the author of the present study.  Considering that the 
Japanese language has a five-vowel system that consists of short and 
long vowels [i, ɯ, e, o, a], and it does not have a sound that is 
phonologically identical to the schwa (Vance, 1987), it is highly 
possible that Japanese borrowers perceive subtle phonetic differences 
in the schwa and reflect them in its adaptation.  Thus, empirical 
investigation of the adaptation of schwa into Japanese can provide a 
great opportunity to reveal that loanword adaptation is attributed to 
the mapping of a source sound into a phonetic approximant in the L1.   
     In addition, the present study examined the effect of the 
borrowers’ having access to orthographic input on the loanword 
adaptation of English schwa into Japanese.  Because Japanese 
borrowers know Romaji (alphabetic orthography), they may over-rely 
on it when adapting English words.  Moreover, Japanese EFL 
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students generally rely on textbooks and have infrequent 
conversational L2 contact outside of class.  This situation may 
prompt learners to access orthographic representations and depend 
on L1 grapheme–phoneme conventions when borrowing foreign words.  
Thus, the effect of orthography should be considered in the study of 
Japanese loanwords from English.   
     To conclude, the present study aims to examine whether the 
variations in English schwa quality are perceived by Japanese 
speakers and reflected by them in their adaptation of the English 
schwa into Japanese loanwords and whether this adaptation is 
influenced by orthographic input.  For these purposes, the present 
study used an online adaptation experiment (Vandelin & Peperkamp, 
2006) in which the participants adopt the English low frequency 
words that are presented either auditorily or both auditorily and 
orthographically.  A broader goal of this study is to argue for a 
loanword adaptation theory based on the results of this study. 
     Ample research has investigated the loanword adaptation of 
English consonant and vowel sounds into Japanese (e.g., Kaneko & 
Iversion, 2009; Kaneko, 2006; Kubozono, 2006; Otaka, 2009); however, 
little is known about the adaptation of the English schwa into 
Japanese loanwords.  The findings of the present study can 
contribute to the literature on loanword adaptation. 
 
2 .2  Background 
     As a preliminary study, let us briefly examine the adaptation 
behaviors of the English schwa.  Specifically, this examination is 
focused on the use of the schwa in the pre-tonic syllable (e.g., police) 
and in the post-tonic syllable (e.g., bottom) in loanwords in Japanese.  
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     Tables 2.1 and 2.2 below show that the English schwa in the 
pre-tonic and post-tonic syllables is spelled with an <o> in Japanese 
loanwords.  The schwa sound spelled with <o> was selected because 
interestingly, this schwa appears to be adapted into a variety of 
Japanese vowels, and this tendency may be related to the influence of 
the phonetic environments of the schwa on its adaptation.  The 
source of the Japanese loanwords was a dictionary of Katakana words, 
Concise Katakana-go Jiten (Sanseido, Ed., 2010).  Whether the 
selected words include English schwa was confirmed with an English 
pronunciation dictionary (Wells, Ed., 2008).  
 
Table 2.1 
English schwa in the pre-tonic syllable spelled with an <o> in existing 
Japanese loanwords  
 
Note. Underlined vowels (e.g., potato) are pronounced as schwa. 
Entries in the parentheses show the number of schwa borrowed with 
the indicated vowel/total number of words and the %. C and V stand 
for a consonant and a vowel. 
 
 
 
 
Preceding C Adapted Japanese V  %
Labial potato police   [o]  (20/20) 100.0
Coronal tomato domestic [o]  (3/17) 17.6
tomorrow today [ɯ] (3/17) 17.6
tobacco [a]  (1/17) 5.9
Dorsal collect computer   [o]  (30/30) 100.0
English Words
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Table 2.2 
English schwa in the post-tonic syllable spelled with an <o> in 
existing Japanese loanwords 
 
Note. Underlined vowels (e.g., ‘coupon’) are pronounced as schwa. 
Entries in the parentheses show the number of schwa borrowed with 
the indicated vowel/total number of words and the %. C and V stand 
for a consonant and a vowel. 
 
     The results show that in the pre-tonic syllable, the schwa is 
adapted in two different ways, depending on whether the preceding 
consonants are labial, coronal, or dorsal: One preceded by a coronal 
consonant (e.g., tomorrow [tɯmoɾoɯ], domestic [domes ɯ tikku], 
tobacco [tabako]) is adapted into three different vowels, [o], [ɯ], or [a], 
whereas one preceded by a labial or dorsal consonant (e.g., potato 
[poteto], collect [koɾekɯto]) is uniformly adapted as [o].  
     As for the schwa in the post-tonic syllable, those followed by 
nasal consonants [m] and [n] are apparently influenced by these 
sounds (Table 2.2).  The schwa followed by [m] (e.g., random 
[ɾandamɯ], bottom [botomɯ]) is generally adapted as the Japanese 
[a] or [o], whereas the schwa followed by [n] (e.g., coupon [kɯ:pon]) is 
adapted as [o].  See Appendix for all the existing loanwords 
examined in this preliminary study.  In summary, in the existing 
loanwords, it is evident that the English schwa spelled with <o> is 
adapted as different Japanese vowels depending on the adjacent 
consonants under the particular conditions (i.e., the schwa preceded 
Preceding C Adapted Japanese V  %
          [m]           random handsome     [a] (13/25)   52.0
bottom atom     [o] (12/25)    48.0
           [n] coupon ribbon     [o] (32/32)  100.0
English Words
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by labial, coronal or dorsal consonants, and the schwa followed by 
nasals).   
 
2 .3  Research Questions  
     The variance in the adaptations of schwa appearing as <o> 
observed in the simple investigation above suggests the influence of 
the consonants adjacent to schwa.  However, this assumption has yet 
to be fully confirmed.  To validate this assumption, the following 
research questions are raised:   
(1) Do phonetic factors (i.e., preceding and following consonants) 
influence the adaptation of English schwa into Japanese 
loanwords? 
(2) Does orthographic information influence the adaptation of 
English schwa into Japanese loanwords? 
2 .4  Methods 
2 .4 .1  Part ic ipants 
     Twenty-two native speakers of Japanese aged 18 to 24 (four men 
and 18 women) with no hearing impairments were tested in the 
experiment.  All the participants started to learn English at school 
at the age 12 or 13 and demonstrated intermediate to 
upper-intermediate competency: Eight participants possess TOEIC 
scores of 450 to 500; five ranged from 500 to 550; six were around 600 
to 650; two from 700 to 725, and one was 800 (average score: 539).  
 
 
 
  77 
2 .4 .2  Experimental  Paradigm 
     Numerous factors may affect the form of existing loanwords, 
making it difficult to identify the influence from the foreign source 
words.  Therefore, this study involved an online adaptation 
experiment based on Vandelin and Peperkamp (2006) that provides 
pure data regarding how borrowers adapt words encountered for the 
first time.  Words from a source language were given in an “oral” 
presentation (auditory information about the words is provided) or a 
“written-plus-oral” presentation (orthographic and auditory 
information were provided) within a limited time. 
 
2 .4 .3  Materials  
     The stimuli were 40 English words consisting of two to four 
syllables with a low frequency of occurrence (Table 2.3) selected from 
the Medical Research Council Psycholinguistic Database.20 To ensure 
that the words were unfamiliar to the participants, two Japanese 
non-participants with advanced English proficiency rated their 
familiarity in a written-plus-oral presentation on a seven-point scale.  
The average is 2.3 out of 7, indicating low familiarity.  The stimuli 
consisted of two sets:  One set contained 23 words consisting of two 
to four syllables featuring labial (e.g., [p] in ‘podagra’), coronal (e.g., 
[t] in ‘tomalley’), and dorsal ([k] in ‘collate’) sounds to examine the 
influence of consonants preceding the target schwa.  The second set 
contained 18 disyllabic words ending with nasals, [m] (e.g., [m] in 
‘fandom’) or [n] (e.g., [n] in ‘bolton’), to examine the influence of the 
consonants following the target schwa.   
     Given our limitations on the selection of stimulus words, the 
                                                      
20 See http://www.psy.uwa.edu.au/mrcdatabase/uwa_mrc.htm. 
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consonants preceding schwa were mostly dorsal sounds.  
Additionally, six fillers without schwa in pre-tonic or post-tonic 
syllables were selected (e.g., ‘arable,’ ‘wimple’).  The presence and 
absence of schwa was confirmed with a pronunciation dictionary 
(Wells, Ed., 2008).  The stimulus words were recorded using an 
American female voice (Heather) synthesized by text-to-speech 
software, Natural Reader Mac 2.0 (Natural Soft©).  
 
Table 2.3 
Experimental materials 
 
Note. C and V stand for a consonant and a vowel. 
 
2 .4 .4  Presentation of  Materials  
     The 40 regular stimuli and six fillers were divided into two lists. 
Half the participants received stimuli presented orally?sound-only 
input? from one list and in a mixed presentation (written-plus-oral 
input) from the other list.  The presentations were reversed for the 
other half of the participants.  Both groups had equivalent average 
TOEIC scores (547 and 531: t (20) = −.332, n.s.).  All 40 stimuli and 
six fillers were tested under both presentations.  The experiment 
Preceding consonant
Labial bonanza molassess monastic podagra polemics
polemist
Coronal topology toboggan tomalley topography Toledo
togate dominion
Dorsal compendium combust complacent consignee
collide collate cocoon conjunct gomarist
Following consonant
[n] tarpon cordon wanton bolton arson
damson merlon pennon beacon
[m] pompom halidom fandom diatom transom
chrisom slalom venom nincom
  79 
involving the oral presentation preceded the mixed presentation to 
prevent the participants from learning the orthography of the stimuli. 
 
2 .4 .5  Carrier  Sentences 
     Japanese carrier sentences indicated below were employed in 
the experiment.  These are modified versions of Kaneko and Iverson 
(2009), who placed a blank at the beginning of a sentence.  The 
present study situated the blank in the middle of the sentence to 
induce more natural production.  Four kinds of carrier sentences 
were presented randomly.  
! Douka______wo kocchi ni kudasai.  Please pass ______ to me.  
! Kinou katta_____wa doko desuka.  Where is ______ that I bought 
yesterday?  
! Yahari________ ga hoshiindesu.    I want _______ after all.  
! Kyou ____ to iu tango wo manabi mashita. I learned the word 
________today. 
 
2 .4 .6  Procedures   
     The oral presentation offered the stimuli without orthographic 
accompaniment (Figure 2.1).  
 
 
 
 
 
 
 
Figure 2.1. Experimental procedure.  
 [Oral presentation] 
 
 
 
 [Mixed presentation] 
 
Oral input Carrier sentence 150 ms 
1
Product ion 
2
Written input 700 ms Oral input Carrier sentence 
Product ion 
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     A Japanese carrier sentence appeared on the screen 150 ms after 
the stimulus appeared on the computer screen.  In the mixed 
presentation, the written stimulus appeared on the screen first; after 
700 ms, the recorded stimulus was played, followed immediately by 
the appearance of a carrier sentence.  The stimuli were randomly 
presented to each participant using SuperLab 4.0 (Cedrus).  The 
participants were instructed to read a complete sentence aloud, filling 
the blank in the carrier sentence by inserting the presented stimulus 
as a borrowed noun.  Their productions were recorded using 
Audacity 1.3.11, a free sound-recording and editing software program.  
 
2 .4 .7  Analysis  
     The produced words were extracted from the recorded carrier 
sentences.  A native Japanese linguist categorized the root vowels as 
[a, i, ɯ, e, o].  
 
2 .5  Results  and Discussion 
     The following provides the results and discussion of the 
experiment on the adaptations of schwas in pre-tonic or post-tonic 
syllables, the orthographic influence on the adaptations, and the 
comparison between existing loanwords and the results obtained in 
the present study. 
 
2 .5 .1  Schwa in the Pre-tonic  Syl lable  
     Table 2.4 demonstrates the participants’ vowel selections in 
adapting the schwa in the pre-tonic syllable, focusing on the places of 
articulation of the consonants that precede schwa.   
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Table 2.4  
Adaptation of schwa in a pre-tonic syllable into Japanese vowels (%) 
Note. Boldface indicates the highest % among the types of adaptation. 
“Oral” and “Mixed” indicate the mode of presenting stimulus words. C 
stands for a consonant. 
 
From the data in Table 2.4, the following main findings were 
obtained. 
(1) Schwa preceded by a labial consonant (e.g., /p/) 
     Of the participants, 48% adapted the stimuli to [a], 29% to [o], and 
13% to [ɯ].  Labial consonants, which are articulated in a “low-front” 
position in the oral cavity, might have affected the phonetic quality of 
the adjacent schwa (progressive assimilation).  It is assumed that the 
Japanese participants perceived the assimilated schwa, which they 
then adapted into the phonetically approximate Japanese “low-central” 
vowel [a]. 
     On the other hand, displaying the orthography <o> had a 
significant effect: when both sound and spelling were presented, the 
participants adapted the schwa as [o] at 81 %.  However, it should be 
pointed out that the borrowers adapted the schwa as [a] in as much as 
18 % of the cases, relying on their perception even when both auditory 
and orthographic input were provided.  One possible reason for this is 
Preceding C  [a] [i] [ɯ] [e] [o] 
Labial Oral 48 6 13  4 29 
 Mixed 18 0  1  0 81 
Coronal Oral  1 8 35 14 42 
 Mixed  1 0 15  2 82 
Dorsal Oral 16 4  4 15 61 
  Mixed  4 0  1  1 94 
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that the sound information might have been used reliably when 
selecting the Japanese vowel because the schwa in the stimulus words 
approximates the Japanese [a]. 
 
(2) Schwa preceded by a dorsal consonant (e.g., /t/) 
     With the orthographic information absent, the participants 
adapted the schwa as [o] in 42% of the instances, as [ɯ] in 35 %, and 
as [e] in 13%.  Again, these findings can be explained by the English 
coarticulatory strategy.   It is assumed that a coronal consonant that 
is articulated at the alveolar to palatal areas (i.e., a “high front to mid” 
position in the oral cavity) influenced the quality of the schwa.  The 
participants adapted the schwa into perceptually similar Japanese 
vowels such as “high back” vowel [ɯ] or “mid back” vowel [o]21 that 
share the similar place of articulation as a coronal consonant.        
     On the other hand, when the stimuli were presented with 
orthography, the participants adapted them as [o] in 82% of the 
instances, showing the effect of orthography on the adaptation.  Note 
here that the participants selected [u] in 15% of the instances, 
irrespective of the interference of spelling <o> in the mixed 
presentation.  This finding might be a piece of evidence that 
loanword adaptation is in general based on phonetic approximation. 
 
(3) Schwa preceded by a dorsal consonant (e.g., /k/) 
     The participants adapted the schwa preceded by a dorsal 
consonant in an oral presentation as [o] in 60% of the instances, [a] in 
16%, and [e] in 15%.  A dorsal consonant is articulated at the “high 
                                                      
21 Although [ɯ] and [o] are characterized as “back vowels,” these vowels are 
articulated in the comparatively frontal part of the Japanese vowel 
inventory (Kubozono, 1999, for [ɯ]; Tsujimura, 1996, for [o]). 
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back” in the oral cavity, this articulation influences the following schwa 
in quality.  Thus, the participants perceptually adapted the schwa as 
[o], a “mid back” vowel, in more than half the instances.  When 
orthographic information is available, the participants adapted the 
schwa as [o] in 90% of the instances when under the influence of 
orthography.    
     Additional analyses were conducted to determine whether the 
schwa followed by labial, coronal, or dorsal consonants in the auditory 
stimuli displays phonetic assimilation, and whether these variants are 
adapted into the closest Japanese vowels.  Firstly, the data from the 
F1 values of the sound stimuli were submitted to a one-way analysis of 
variance (ANOVA) with the key variables being the places of 
articulation of the schwa’s preceding consonants (labial, coronal, or 
dorsal). 
 
Table 2.5 
Means for the first and second formant frequencies of schwa in the 
stimuli and adapted Japanese vowels (Hz) 
Note.  C and V stand for a consonant and a vowel. The values for 
Japanese vowels: 821Hz and 404 Hz for [a]; 588Hz and 1008Hz for [o]; 
432 Hz and 1260Hz for [ɯ], F1 and F2 values, respectively.  ** p < .05. 
 
     This analysis shows that the F1 of a schwa preceded by a labial 
consonant (e.g., /p/) is significantly higher than that of a schwa 
Preceding C Labial / Coronal Coronal / Dorsal Labial/ Dorsal
F1 of schwa 647/ 552 552/ 529 647**/ 529**
F2 of schwa 1503**/ 1737** 1737/1567 1503/ 1567
Adapted V [a] / [o], [ɯ] [o], [ɯ] / [o] [a] / [o]
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preceded by a dorsal consonant (e.g., /k/), F (2, 19) = 4.138, p < .05, η2= 
0.30 (a large-sized effect) (see Table 2.5).  In general, the F1 value is 
correlated with tongue height, which affects the pharyngeal space (i.e. 
the area of back cavity).  When the tongue is lower, as with labial 
articulation, the F1 value is intrinsically high, while a high tongue 
when articulating a dorsal consonant lowers the value.  It is assumed 
that this difference in articulation between the preceding consonants 
affected the quality of the following schwa.  Thus, the participants 
perceived the difference in the phonetic quality of the schwas and 
adapted them into [o] and [a] in the labial and dorsal conditions, 
respectively. 
     Similarly, the data from the F2 values of the sound stimuli were 
submitted to a one-way ANOVA.  This demonstrated that the F2 value 
of schwa preceded by a labial consonant (e.g. /p/) is significantly lower 
than that preceded by a coronal consonant (e.g. /t/), F (2, 19) = 4.136, p 
< .05, η2 = 0.30.  The post-hoc test between labial and coronal 
consonants revealed a significant effect, p < .05, d = 1.39 (a large-sized 
effect) (see Table 2.5).  The fact that the F2 value of schwa in the labial 
condition is lower than that of the schwa in the dorsal condition is 
probably attributable to the fact that the pronunciation of the labial 
consonant requires a longer horizontal vocal tract relative to the 
coronal pronunciation, which corresponds to the lower F2 value.   
     In fact, the participants differentially adapted the schwas 
preceded by different consonants into Japanese vowels that were 
perceptually the closest.  The participants adapted (a) the schwa 
preceded by a labial consonant (F1: 647 Hz and F2: 1503 Hz) into a 
Japanese [a] (F1: 821 Hz and F2: 1404 Hz), (b) the schwa preceded by a 
coronal consonant (F1: 552 Hz and F2: 1737 Hz) into Japanese vowels 
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[o] (F1: 588 Hz and F2: 1008 Hz) and [ɯ] (F1: 432 Hz and F2: 1260 Hz), 
and (c) the schwa preceded by a dorsal consonant (F1: 529 Hz and F2: 
1567 Hz) into a Japanese [o] (F1: 588 Hz and F2: 1008 Hz) (see Table 
2.5).   
     It should be noted here that it remained unclear why the 
difference was not identified between the schwa sounds preceded by 
coronal and dorsal consonants in terms of their F1 and F2 values.  
These schwa sounds were adapted into the similar sounds ([o], [ɯ] 22/ / 
[o]: coronal and dorsal conditions, respectively). 
     In summary, it is likely that the borrowers in the present study 
adapted the schwa into Japanese vowels based on their perceptions 
when orthographic information is unavailable.  Since the quality of the 
schwa varies with the locus of articulation of the neighboring 
consonants due to English coarticulatory strategies (Kondo, 1994), it 
can be inferred that the borrowers in the present study recognized the 
subtle phonetic difference in schwa that is influenced by preceding 
consonants and reflected this in Japanese sounds.  Regarding the 
effect of orthography, the results above imply that orthography 
interferes with the phonetic adaptation of English schwa into Japanese.  
A further discussion of its impact will appear in the next section (see 
2.5.2). 
 
2 .5 .2  Schwa in the Post-tonic  Syl lable  
     Table 2.6 shows the participants’ vowel selections in adapting 
the schwa in the post-tonic syllable, focusing on the nasal consonants 
[m] and [n] that follow the schwa.  
                                                      
22 The vowels [o] (F1: 567 Hz and F2: 894 Hz) and [ɯ] (F1: 390 Hz and F2: 
1274 Hz) are particularly similar to one another, when compared with 
Japanese’s other three vowels (female voices: Imaishi, 1997). 
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Table 2.6 
Adaptation of schwa in a post-tonic syllable into Japanese vowels (%) 
 
 
 
 
Note. Bold figures indicate the highest % among types of adaptation. 
“Oral” and “Mixed” indicate the mode of presenting stimuli. C stands 
for a consonant. 
 
From the data in Table 2.6, we can obtain the following major 
findings: 
(1) Schwa followed by a consonant [m] 
     In the oral presentation, the schwa was adapted to [a] in 60% of 
instances, to [o] in 19%, and to [ɯ] in 14%.  It is assumed that the 
articulation [m], in which the tongue tip is commonly positioned 
“lower, around the front” in the oral cavity, might have affected the 
quality of the preceding schwa.  The Japanese participants, then, 
perceived the assimilated schwa as the Japanese “low-mid” vowel [a] 
since it has a similar place of articulation to that of [m]. 
     When the stimuli were presented with orthography <o>, the 
schwa was adapted as [o] in 68% and as [a] in 28% of the instances, 
showing the great influence of orthography.  Interestingly, even 
when both sound and spelling were presented, the schwa was adapted 
as the phonetically approximant vowel [a] in as much as 28% of the 
instances.  Presumably, the sound information was reliable for 
Following C Schwa realized as  [a] [i] [ɯ] [e] [o] 
[m] Oral 60 0 14  7 19 
 Mixed 28 0  4  1 68 
[n] Oral 32 1 15 37  5 
 Mixed  5 0  2  3 91 
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selecting the Japanese vowel because the schwa in this condition (F1: 
668 Hz and F2 1590 Hz) approximates the Japanese [a] (F1: 978Hz 
and F2: 1384 Hz) (Imaishi, 1997). 
 
(2) Schwa followed by a consonant [n] 
     In the oral presentation, the schwa was adapted as a variety of 
vowels: [e] in 37%, [a] in 32%, [ɯ] in 15%, and [o] in 15% of the cases.  
This may suggest that no Japanese vowels were perfectly matched to 
schwa in quality.  One interpretation of the adaptation of the schwa 
as [e] at the highest rate is that the schwa is articulated by 
anticipating the succeeding sound [n], which is articulated with the 
tongue tip positioned around the alveolar ridge (“relatively high front 
to mid” position in the oral cavity).  The schwa was perceived and 
adapted to the Japanese “mid-front” vowel [e]23 since this Japanese 
vowel is articulated at a similar place in the vowel space as [n].  
     On the other hand, when the stimuli were presented with 
orthography, the participants adapted the schwa followed by the 
consonant [n] as a Japanese vowel, [o] in 91% of the instances, 
showing the borrowers’ great dependency on orthographic information, 
<o>.  
     To confirm phonetically approximate loanword adaptation, we 
investigated whether the quality of the schwa that precedes [m] and 
[n] has different phonetic values and whether those schwas are 
adapted to the closes Japanese vowels in terms of quality.  Firstly, 
the data from the F1 and F2 values of the auditory stimuli were 
                                                      
23 Because the English schwa is a mid-central vowel, it is unlikely to be 
perceived as the Japanese [i], a high-front vowel, even though its adjacent 
sound [n] is articulated around the high-front part – the alveolar ridge – of 
the mouth. 
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separately submitted to a one-way ANOVA with the key variables 
being the places of articulation of the consonants that follow schwa 
([m], [n]).  The statistical analysis revealed significant differences in 
the F2 values for the schwas preceding [m] and [n], t (16) = −3.171, p 
< .01, d =1.50 (a large-sized effect) but not in their F1 values, t (16) = 
1.784, p > .05.  These findings indicate that the F2 value of schwa 
followed by [m] is significantly lower than that followed by [n] (see 
Table 2.7). 
 
Table 2.7  
Means for the first and second formant frequencies of schwa in the 
stimuli and adapted Japanese vowels (Hz) 
 
 
 
Note. C and V stand for a consonant and a vowel. The values for 
Japanese vowels: 821Hz and 1404 Hz for [a]; 612 Hz and 2184 Hz for 
[e], F1 and F2 values, respectively. *p < .01. 
 
This finding is attributable to the difference in the place of 
articulation between [m] and [n]: [m] is a labial consonant, while [n] is 
a coronal consonant.  In general, as previously mentioned, 
pronunciation of the labial consonant [m] requires a longer horizontal 
vocal tract, which corresponds to the F2 value, than that of the 
coronal consonant.  Therefore, the F2 value of [m] is substantially 
lower than that of [n].  The present examination clearly shows that 
the acoustic characteristics of [m] and [n] affect the quality of the 
Following C    [m]    [n]
F1 of schwa   688 (65)    627(83)
F2 of schwa 1590 (44)* 1777 (39)*
Adapted V    [a]    [e], [a]
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preceding schwas.  The Japanese participants perceptually 
categorized these schwas and adapted them into different Japanese 
vowels (i.e. mainly [a] in the condition of [m], [e] in the condition of 
[n]).  More specifically, the F1 and F2 values of the schwa followed by 
[m] average 688 Hz and 1590 Hz, respectively; this schwa was 
adapted into the phonetically closest Japanese vowel, [a] (F1: 821Hz 
and F2: 1404 Hz), among the five vowels.  On the other hand, the 
schwa preceding [n] averages 627 Hz for the F1 and 1776 Hz for the 
F2 and is adapted to the phonetically close Japanese [e] (F1: 612 Hz 
and F2: 2184 Hz) and [a] (F1: 821Hz and F2: 1404 Hz).   
     In conclusion, this analysis clearly shows that English schwa 
was adapted based on perceived articulatory assimilation when only 
auditory information about English words was provided. 
 
2 .5 .3  Orthographic  Effect  
     The preceding sections show that orthography greatly influences 
the adaptation of English schwa into Japanese.  To confirm the effect 
statistically, the loanwords produced by the participants in the 
experiment were coded as “expected” and “unexpected” following 
Vandelin and Peperkamp (2006).  Then, the loanwords were labeled 
as “expected” when they corresponded to [o], which is the same as the 
orthography in which schwa appears.  Mean % of “expected” 
adaptations by all the participants was subjected to a mixed ANOVA 
with two factors: Condition (oral vs. mixed) and Position of schwa 
(pre-tonic vs. post-tonic).  Results revealed that Condition has a 
primary effect, F (1, 72) = 80.4, p  < .001, η2 = 0.51 (a large-sized 
effect), with the mixed presentation yielding more “expected” 
adaptations than the oral presentation.  No interaction reached 
  90 
statistical significance, F (1, 72) = 1.65, p > .05. However, a 
small-sized effect, η2 =0.51, appeared. 
     The statistical analysis confirmed that the participants relied 
more on written information when both written and auditory input 
were provided together, confirming the influence of orthography on 
the adaptation of schwa into Japanese.  When both sound and 
spelling of the stimuli were presented, the participants accessed L1 
phonological representation, applying a one-to-one 
grapheme-phoneme correspondence (e.g., the schwa appearing <o> is 
adapted as [o]). 
 
2 .5 .4  Comparison of  Results  with Exist ing Loanwords   
     As previously mentioned, investigating existing loanwords is 
often problematic when determining the ways in which foreign words 
are adapted into other languages.  However, comparing 
experimentally-obtained loanword formations with existing 
loanwords could illuminate the mechanism of adaptation to a certain 
extent.  An interesting phenomenon with respect to the pre-tonic 
schwa appears in Table 2.8.   
     When the schwa was preceded by a coronal consonant, [ɯ] or [o] 
was manifested in the adaptation of the schwa in the 
sound-input-only presentation.  Even in the existing loanwords, the 
same Japanese vowels, [ɯ] and [o], are used.  Likewise, in the case 
of the schwa preceded by a dorsal consonant, the schwa was adapted 
into [o] in the sound-input-only condition and the same sound, [o], is 
also employed in existing loanwords.  These findings imply that the 
adaptation of the schwa into Japanese vowels is phonetically driven.  
     With respect to the schwa preceded by a labial consonant, there 
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was an incongruence between the adaptation of the schwa in the 
sound-input-only presentation, ([a], [o]), and that of the existing 
loanword [o].  A simple analysis of the adapted sound in accordance 
with each experimental stimulus showed that when the adjacent 
stress vowel was [a] (especially in ‘podagra,’ ‘molasses,’ and ‘bonanza’ 
in the stimuli where underlined vowels were schwa and double 
underlined vowels were stressed vowels), the schwa was likely to be 
adapted as the Japanese [a], whereas the adjacent stress vowel was 
[e] (in ‘polemics’), the schwa tended to be manifest as [o].  However, 
one should not overlook the fact that even though the adjacent stress 
vowel is [e], as in ‘polemist,’ the schwa is adapted as [a].  Note here 
that the length of both schwa in ‘polemics’ and ‘polemist’ is similar, 70 
msec, and the length does not affect the perception.  Taken together, 
the adjacent stress vowels might be a possible factor in determining 
the adapted sound but there seems to be arbitrary adaptations 
between [a] and [o] among borrowers. Further investigation is 
necessary by controlling the phonetic and phonological environments 
in the stimuli. 
 
Table 2.8 
Comparison of results with existing loanwords: Pre-tonic schwa 
 
 
 
 
 
 
 
Preceding C Existing Loanwords Presentation Adapted Sound (%) 
Labial [o]    Oral: [a] (48) [o] (29) 
  
   Mixed: [o] (81) 
  
 Coronal      [o], [ɯ]    Oral: [o] (42) [ɯ] (35) 
  
   Mixed: [o] (82) 
  
Dorsal [o]    Oral: [o] (61) [ɯ] (15) 
      [o] (94)     
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     Table 2.9 shows the results for the schwa followed by nasals.  
Firstly, the schwa followed by [m] is likely to be adapted as [a] and [o] 
in the existing loanwords.  In the present study, these vowels were 
also selected both in the oral-only and mixed presentations.  This 
suggests, again, the phonetic-based loanword adaptation.  
     Second, while the schwa followed by [n] is adapted as [o] in the 
existing loanwords, a variety of vowels were selected for the schwa in 
the oral presentation in the present study, including [e], [a], and [ɯ].  
Based on these findings, we can assume that the borrowers in the 
present study might have had difficulty in finding a native vowel that 
matches the English schwa phonetically in this case.  Therefore, 
when provided with orthography, the borrowers might have relied 
extensively on the information <o>; [o] was chosen at a rate as high as 
91 % in the present study.  
 
Table 2.9 
Comparison of results with existing loanwords: Post-tonic schwa 
     In summary, the comparisons of the participants’ responses in 
the present study to the existing loanwords identified the overall 
similar adaptation patterns that are phonetic-based between the two 
data.   
 
Preceding C Existing Loanwords Presentation Adapted Sound (Percentage) 
[m] [o], [a] Oral: [a] (60) [o] (19) 
  Mixed: [o] (68) [a] (28) 
[n] [o]    Oral:     [e] (37), [a](32), [ɯ] (15) 
  Mixed: [o] (91)   
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2 .6  Chapter  2  Conclusions and Further  Research 
     In conclusion, this section provides the findings on the 
adaptation of schwa into Japanese vowels in loanwords. It also 
discusses the study’s limitations and proposals for future research, as 
well as recommendations/implications for pronunciation teaching. 
 
2 .6 .1  Summary of  Findings 
     The purpose of this study is to investigate whether phonetic 
factors (i.e., preceding and following consonants) influence the 
adaptation of English schwa into Japanese loanwords and whether 
orthographic information affects the adaptation of English schwa into 
Japanese loanwords.  The present study provided the following 
conclusions: 
 
(1) The effect of phonetic factors:  
! Overall, the results of the present study revealed that 
Japanese adaptations of English schwa are based mostly on 
the perception of the pronunciation of source words in the 
oral condition.  When only oral input was presented, the 
participants were sensitive to subtle differences in the 
quality of schwa because of influences of adjacent 
consonants, and they reflected those quality differences in 
their loanword adaptations.   
! When the pre-tonic schwa was preceded by a labial 
consonant, nearly 50% of the stimuli were adapted as [a].  
When preceded by a coronal consonant, the schwa was 
adapted as [o] at 42% and [ɯ] at 35%.  The schwa preceded 
by a dorsal consonant was adapted as [o] at 60%. 
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! In terms of the post-tonic schwa, the schwa followed by a 
consonant sound, [m] is adapted as a Japanese vowel [a] at 
60%, [o] at 19%, and [ɯ] at 14% of the instances.  As for the 
schwa followed by [n], the participants’ adaptation of the 
schwa varied: [e] at 37%, [a] at 32%, [ɯ] at 15%, and [o] at 
15% of the instances.  By making use of the characteristics 
of schwa that vary according to the adjacent consonant, the 
present study documented further evidence supporting the 
phonetic approach to loanword adaptation.   
! In the mixed condition irrespective of the influence of 
spelling <o>, many participants chose the vowels other than 
[o] in some cases relying on their perception.  This finding 
implies that adaptation of schwa based on the phonetic 
approximant is influential. 
(2) The effect of orthographic information:  
The adapted vowel in the written-plus-oral condition was 
matched with the spelling of schwa more often than in the 
oral presentation, yielding a large-sized effect (η2 = 0.51).  
This suggests that when orthographic and auditory 
information were provided simultaneously, the participants 
likely generated the loanword by relying on the L1 
grapheme–phoneme conventions (i.e., <o> - [o] in the present 
study).  
(3) Theoretical discussion:  
Peperkamp (2005), who supported the phonetic view, stated 
that loanword adaptations are achieved via “the process of 
phonetic decoding maps non-native forms onto forms that 
are in accordance with the native phonology” (p. 349).  The 
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present empirical study clearly shows the evidence in 
support of this claim: Japanese speakers at the intermediate 
and upper-intermediate levels appeared to perceive the 
phonetic difference in the schwa caused by its adjacent 
phonetic environments and to reflect these differences in 
their adaptations, selected L1 vowels that were phonetically 
closest to schwa.  Moreover, overall, the adaptation 
tendencies obtained in the study are also true for the 
existing loanwords, and this commonality strengthens the 
support for the phonetic approach to loanword adaptation.   
 
2 .6 .2  Limitat ions and Further  Research   
     The present study has taken the first step toward investigating 
the loanword adaptation of English schwa into Japanese.  However, 
the study also has several limitations that should be overcome in 
future studies:  
 
(1) The process of borrowing words is too complex to be explained by 
phonetic approximation and orthography alone.  In addition to 
these factors, the borrower’s knowledge of the source language 
(L2 proficiency), native phonological constraints, and lexical 
neighborhood density, frequency (Dohlus, 2005), and phonetic 
environments both preceding and following the target sound need 
to be considered in future studies in order to have a deeper 
understanding the loanword adaptation.  
(2) The present study focused only on schwa spelled with <o>.  To 
obtain further support for the phonetic approach and the effect of 
orthographic information on the adaptation of schwa sounds, the 
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schwa spelled with the other vowels, <a>, <e>,<i>,24 and <u>, 
need to be investigated.  For example, a fairly simple 
observation shows that schwa appearing in <u> is likely adapted 
as [a] in existing Japanese loanwords (e.g., ‘support’ > [sapoot] 
‘corpus’ > [coopas],  ‘column’ > [coramu]), suggesting that 
hearers depend on perception rather than orthography.  Further 
analysis of such a phenomenon might provide further evidence for 
supporting the perception approach of loanword adaptation.  
(3) Although the present study controlled either the preceding or the 
following consonantal environment of the schwa in the stimuli, 
both phonetic conditions should be carefully controlled in a future 
study to avoid the possibility of coarticulatory assimilation. 
2 .6 .3  Pedagogical  Implicat ions 
     The findings of the present study may provide useful 
suggestions for teaching the pronunciation of English schwa to 
Japanese students.  The present study revealed that the participants 
with intermediate and upper-intermediate English proficiency were 
likely to disregard oral information regarding schwa and pay 
attention to alphabetic orthography when oral and written inputs 
were simultaneously presented.  The observed tendency suggests 
that the presence of orthography may interfere with learning 
pronunciation because Japanese students tend to depend on L1 
one-to-one grapheme-phoneme correspondence (e.g., They 
pronounce the schwa appearing <o> as [o]).  When provided with 
                                                      
24 As described in Chapter 1, schwa spelled <i>, <e> might be pronounced 
as barred-i, which is phonemically distinct from the schwa sound 
(Flemming, 2007). Thus, it must be kept in mind to investigate schwa 
in spelling with <e>, <i>.  
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only oral input, however, the participants in the present study 
showed their sensitivity to the subtle phonetic differences in schwa, 
and they reflected them in their productions.  
     In teaching L2 pronunciation, one common practice is to present 
a word’s spelling and its sound and then ask the students to read it 
aloud.  However, given the present research revealed that this 
process interferes with learners’ sensitivity to phonetic information, a 
beneficial alternative practice would be that during the initial stage 
of pronunciation instruction, teachers should provide only auditory 
information about words (along with the meaning or a picture) and 
ask the learners to repeat the pronunciation, which will allow them a 
chance to form a target-like phonetic and/or phonological 
representation of schwa.  Immediately thereafter, the teachers 
should reveal the spellings of the words, highlighting the schwa, and 
ask learners to match the spelling and the sound of the schwa by 
pronouncing the word again.  While doing so, the teachers should 
make learners aware that schwa should not be pronounced based on 
L1 grapheme-phoneme conventions and that English schwa can be 
represented by any vowel symbols.  Consequently, the learners could 
acquire native-sounding schwa pronunciation more effectively and 
accurately, even when only written input is presented. 
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                         Chapter  3  
Study 2:  Production of  Schwa by Japanese Speakers  of  
Engl ish 
 
3 .1  Introduction 
     The preceding chapter explored how Japanese speakers adapt 
English schwa into Japanese.  The present chapter is intended to 
investigate how Japanese learners of English produce schwa when 
they read target words.  As reviewed in Chapter 1, several empirical 
studies have investigated the characteristics of the production of 
schwa by L2 learners of English; however, the production tendencies 
of Japanese learners of English have remained largely unexplored.  
Particularly, investigations of the contexts in which schwa production 
may be more difficult for Japanese speakers remain uncertain 
(Tomita, Yamada, & Takatsuka, 2010). 
     To address this issue, the present study examined in which 
position it is most difficult to produce schwa in the same manner as 
native speakers of English (NS) in terms of duration ratio of schwa to 
a stressed vowel (henceforth, duration ratio) and the quality of schwa.  
Traditionally, every schwa is uniformly described as an inverted ‘e’ 
(/ə/) in the International Phonetic Alphabet.  However, recent 
acoustical studies have revealed that the nature of schwa varies 
greatly across contexts (e.g., Kondo, 1994; Flemming, 2009; Wallace, 
1994), and the position of schwa in a word is one of the influential 
factors (Flemming & Johnson, 2007; Wallace, 1994).  By considering 
the positional characteristics of schwa into L2 acquisition of schwa, 
the present study will be able to reveal more clearly how L2 speakers 
deal with English schwa depending on the phonological context. 
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     As mentioned just above, this study investigated schwa in terms 
of two phonetic features, the duration ratio and quality.  Only a few 
studies have investigated the production of schwa from the 
perspective of phonetic features.  Lee, Guion, and Harada (2006) 
investigated the production of English unstressed vowels including 
schwa by late and early Korean and Japanese bilinguals of English in 
terms of the four phonetic features including F0, intensity, duration 
and quality.  They have revealed that Japanese–English bilinguals 
have difficulty producing unstressed vowels in the dimension of 
quality, which is a feature that is not used in Japanese, but not in 
terms of F0 and duration, which are the features employed in 
Japanese (see Chapter 1).  Lee, Guion, and Harada (2006) argued 
their finding based on the phonetic feature hypothesis proposed by 
McAllister, Flege, and Piske (2002), which states that L2 phonetic 
features that are not used to perceive phonological contrast in L1 are 
difficult to use to perceive phonological contrast in L2, and this 
difficulty influences the learner’s production of the contrast.   
     The present study was conducted based on Lee et al. (2006), but 
two aspects were different from the study.   Firstly, the present 
study focused on Japanese speakers of English with two different 
English proficiencies—advanced and intermediate, although Lee et al. 
dealt with the highly proficient bilingual groups whose English 
proficiencies were identical but different in the age of their first 
massive exposure to an English-speaking environment. 25   By 
investigating the L2 speakers with the different English proficiency, 
                                                      
25 The early bilinguals received their first major exposure to English before 
the age of six and the late bilinguals after the age of 15. At the time of 
testing, the early bilinguals had resided in the United States for 20 years 
while the late bilinguals stayed for 10 years on average. 
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the present study will be able to reveal the developmental stages of 
the L2 acquisition of schwa and provide useful insights for L2 
teaching/learning prosody.  Another difference is that the factor of 
the position of schwa in a word, that is mentioned above, is considered 
in the analysis. 
     The goal of the present study is to examine how Japanese 
speakers of English at advanced and intermediate levels produce 
schwa at different positions in a word, focusing on the phonetic 
features, duration and quality.  The uniqueness of the present study 
is to pay attention to the developmental processes in L2 acquisition of 
English schwa by comparing the productions by Japanese speakers 
with different English proficiencies and to consider the phonetic 
characteristics of schwa depending on the phonological environment 
(i.e., its positions in a word) in the analysis.  The integration of 
theses aspects into the L2 acquisition of English schwa will provide 
important suggestions for L2 pronunciation instruction of schwa. 
3 .2  Background 
     This section provides a detailed explanation of the phonetic 
features employed in English and Japanese, an overview of the 
characteristics of English schwa at different positions in a word, and 
an exploration of the markedness differential hypothesis (Eckman, 
1977), which predicts which positions of schwa are easy to acquire 
from the perspective of markedness/unmarkedness. 
 
3 .2 .1  Phonetic  Features  Used in Engl ish and Japanese    
     English and Japanese employ different phonetic features to 
realize their prosody.  English uses multiple phonetic features to 
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realize and perceive the stress accent: F0, intensity, duration (on the 
production of these, see Beckman, 1986; Kent & Read, 1992), and 
quality (Laver, 1994).  In terms of perception, multiple phonetic 
features including F0, intensity, duration, and quality (spectral 
reduction) seem to contribute to perceiving stress, although their 
relative importance varies according to listeners and to the 
characteristics of the experimental material (see Ronser & Pickering, 
1994, pp.361–363).  
     On the other hand, in Japanese pitch accent (Ladefoged, 2001), 
unaccented syllables have a lower pitch compared with accented 
syllables within words.  To perceive the Japanese accent, F0 is a 
primal cue for lexical decision (Beckman, 1986; Sekiguchi & Nakajima, 
1999; Sugito, 1980) and intensity is a secondary cue (Neustupny, 
1966).  Beckman (1986) and Dauer (1987) argued that intensity, 
duration and quality do not influence the phonetic realization and 
perception of the Japanese pitch accent.  However, since Japanese 
has mora-timed rhythm where vowel length can be phonemically 
contrastive between short and long versions (see Chapter 1), Japanese 
speakers might be able to utilize the duration feature in perception 
and production (Lee et al., 2006). 
     In summary, in English phonetic features, such as F0, intensity, 
duration, and quality, can be utilized in the production and 
perception of English prosody, whereas Japanese mainly uses F0 and 
can also use duration but cannot use quality as phonetic cues.  The 
present study focuses on two phonetic features: duration (which is not 
utilized in realizing and perceiving Japanese accent but is employed 
in phonemic contrasts between long and short vowels) and quality 
(which is not employed in Japanese).  Given these facts, it can be 
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assumed that, based on the phonetic feature hypothesis, the quality 
aspect is more difficult to acquire for Japanese speakers of English 
(Table 3.1). 
 
Table 3.1 
The predictions for the difficulty of acquisition of English schwa by 
Japanese speakers based on the phonetic feature hypothesis 
 
3.2.2  The Characterist ics  o f  Schwa according to  i ts  Posit ion   
     Table 3.2 summarizes the characteristics of schwa in terms of 
duration and quality as a function of in-word positions of schwa (i.e., 
non-final, final).   
 
Table 3.2 
Phonetic characteristics of schwa in non-final and final syllables in 
a word  
Note. “Duration ratio” stands for the duration ratio of schwa to a 
stressed vowel in a word. “Duration” sands for the actual length of 
schwa. “Positions” stands for the tongue’s positions in a vowel space 
 Phonetic feature        Japanese       Predictions 
 Duration Phonemic contrast in length      Easy 
 Quality No mid central vowel (schwa)      Difficult 
 
Duration Non-final schwa Final schwa  References
Duration ratio 0.47 0.63  Wallace (1994)
Duration  64 ms 153 ms  Johnson & Flemming (2007)
 33-53 ms  59 - 131 ms  Wallace (1994)
Quality
F1 445 Hz 665 Hz (female)  Flemming & Johnson (2007)
F2 1829 Hz 1772 Hz (female)  Flemming & Johnson (2007)
Positions open-mid to closed-mid open-mid central  Cruttenden (2014) p.138
 Flemming & Johnson (2007)
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for articulating schwa.   
In terms of duration ratio of schwa to a stressed vowel, the duration 
ratio of non-final schwa is smaller than that of final schwa (e.g., 0.47 
for non-final and 0.63 for final, Wallace, 1994).  Likewise, as with the 
actual duration of schwa, non-final schwa (64 ms on average, Johnson 
& Flemming, 2007; 33 to 53 ms, Wallace) is relatively shorter than 
that of final schwa (153 ms on average, Johnson & Flemming, 2007; 
59 to 131 ms, Wallace, 1994).  Flemming (2009) explained that the 
longer duration in final schwa is due to word-final lengthening. 
     In regard to quality, non-final schwa is articulated when the 
tongue is raised between the open-mid and closed-mid positions in the 
vowel space (e.g., 445 Hz for F1, 1829 Hz for F2, Flemming & Johnson, 
2007).  On the other hand, final schwa is likely to be articulated in 
the open-mid central position (Cruttenden, 2014, p.138), and the 
values for the formant frequencies are reported to be 665 Hz for F1 
and 1772 Hz for F2  (Flemming & Johnson).  In summary, non-final 
schwa is generally high in the vowel space, while a word-final schwa 
centers around a mid-vowel and may be a vowel of lower quality.   
     Flemming and Johshon (2007) explained that the difference in 
the quality is attributed to the fact that non-final schwa has no 
contrastive unstressed vowels, whereas schwa in word-final positions 
has contrasting unstressed vowels: /ɪ, oʊ/, and the rhotic vowel/ɚ/ 
(Hays, 1995).  Non-final schwa, which has no contrastive unstressed 
vowels, can be realized in relatively high positions.  This position is 
preferable because they require only a minimal opening of the 
constricted vocal track, as is required for adjacent consonants (Bates, 
1995; Flemming, 2004).  On the other hand, in the case of final schwa, 
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to produce the contrast between non-rhotic vowels, final schwa need 
to be articulated in non-high positions and serves to maintain the 
distinction from /i /and /oʊ/.   
 
Schwa in final positions 
[ˈbeɪɾə ] beta, [ˈpɹɪɾi ] pretty, [mɑɾoʊ ] motto  /  [lɛɾɚ  ] letter 
(Adapted from Flemming  Johnson, 2007, p. 92) 
 
3 .2 .3  The Predict ion for  which Posit ion Schwa is  Easy to  
Acquire—Markedness Dif ferential  Hypothesis  
     To predict for which position schwa is easy to acquire, the 
present study employs the markedness differential hypothesis.  The 
Markedness Differential Hypothesis was proposed by Eckman (1977), 
which claims that markedness/unmarkedness is an crucial factor in 
predicting and explaining learning difficulties, and that in particular, 
marked L2 patterns are more difficult to learn than unmarked ones.  
In terms of lexical stress patterns, it is generally accepted that the 
rhythm unit of a strong-weak pattern (schwa in the final syllable in a 
word, trochaic foot) is unmarked (Hays, 1995; see also Demuth, 2006, 
for L1 acquisition; see Chapter 1).  As mentioned in Chapter 1, 
English and Japanese are different in accent realization: English 
exhibits an accent by alternating stressed and unstressed syllables, 
while in Japanese, an accent is realized through the combinations of 
high (H) and low (L) in pitch.  However, both the English and 
Japanese languages use pitch to realize an accent (Beckman, 1986).  
Thus, it can be assumed that Japanese speakers can utilize the pitch 
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factor to perceive an English word accent, with the strong and weak 
(SW) pattern in English corresponding to the high and low (HL) 
pattern in Japanese.  In addition, the literature on Japanese 
children shows a preference for the SW(HL) accent pattern (e.g., Ota, 
2003; see Chapter 1).  Demuth (2006) even claimed, in 
cross-linguistic terms, that the strong (high)–weak (low) accent 
pattern is unmarked in the first language acquisition.  Given these 
suggestions in the literature,  it is hypothesized that SW is 
unmarked for adult Japanese learners of English as well.  Thus, 
based on the markedness differential hypothesis, schwa in the initial 
syllable of a word (WS) is more difficult to acquire for Japanese 
learners of English than schwa in the medial or final syllables of a 
word (SW) in the case of trisyllabic words (see Table 3.3).  
Table 3.3  
The predictions for Japanese speakers’ performance based on 
the markedness differential hypothesis 
 
3.3 Research Questions and Hypotheses 
     The present study was guided by the two questions below.  
(1) Which phonetic feature of English schwa—duration or quality—is 
easier to acquire for Japanese speakers of English at advanced 
levels (Adv. JS) and intermediate levels (Int. JS)?  Can their 
performance be predicted by the phonetic feature hypothesis?  
Schwa’s position   Rhythmic patterns MMarkedness    Predictions  
Initial  An Iambic  Iambic (Weak–Strong)  Marked Difficult 
Medial   Trochaic (Strong–Weak) Unmarked    Easy 
Final   Trochaic foot (Strong-Weak) Unmarked    Easy 
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(2) How do Adv. JS and Int. JS produce schwa in the initial, medial, 
and final syllables of a word?  In which position is it most 
difficult to produce schwa in the same manner as native speakers 
of English (NS)? Can this be predicted using the markedness 
differential hypothesis? 
 
As shown in the review of the previous section, based on the phonetic 
feature hypothesis and markedness differential hypothesis, it is 
hypothesized that the quality aspect is more difficult to acquire than 
duration for Japanese learners of English and that the schwa in the 
initial syllable of a word is more problematic for them than the other 
positions (see Tables 3.2 & 3.3). 
     In order to answer these questions, the present study asked 
Japanese learners of English at the advanced and intermediate levels 
to read the English word list aloud.  
 
3 .4  Methods 
3 .4 .1  Part ic ipants 
     Three NS, seven Japanese speakers of English with advanced 
proficiency (Adv. JS), and seven Japanese speakers of English with 
intermediate proficiency (Int. JS) participated in this experiment.  
The NS participants (mean age = 39 years) were from the U.S. and 
were instructors at universities in Japan at the time of the 
experiment.   
     Table 3.4 indicates the characteristics of the two groups of 
Japanese speakers of English.  Of the Adv. JS participants (mean 
age = 38.5 years), three were professors of English or linguistics at 
universities in Japan, while the other four were graduate students of 
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linguistics in Japan.  The length of time they had spent living in 
English-speaking countries varied from two years to more than ten 
years (mean = 4.8 years).  They scored either higher than 900 in 
their TOEIC ®- IP26 or first grade in the Test in Practical English 
Proficiency, called “EIKEN.” 27   Their English proficiency equaled 
CEFR C1 or above.   
     In contrast, the Int. JS participants (mean age = 26.1 years) 
were graduate students who had lived in English-speaking countries 
for no more than one year (mean = 0.14 years) and who scored second 
grade or pre-first grade in “EIKEN.”  Their English proficiency 
equaled CEFR B2 or B1.  All the Japanese participants started 
studying English in junior high school.  None of the participants had 
speech, language, or hearing problems.  
 
Table 3.4 
Characteristics of the two groups of Japanese participants 
Note. Age = chronological age at the time of study; LOR = length of 
residence in English-speaking countries.  The value in parentheses 
is the standard deviation (SD). 
                                                      
26  TOEIC ®- IP stands for Test of English for International 
Communication, Institutional Program, and examines listening and 
reading skills to measure the test takers’ English communication skills.  
The contents are related to daily life as well as business situations.  
The scores range from 180 to 990 
(http://www.toeic.or.jp/toeic/about/what.html). 
27 Most examinees who passed EIKEN Grade Pre-1 in the study scored 530 
or higher on paper-based TOEFL (PBT) and those at Grade 1 scored 610 or 
higher on PBT (http://stepeiken.org/benefits/comparison-toefl.shtml). 
  Age    LOR English proficiency 
Adv. JS 38.5 (20.7)  4.8 (2.7) higher than 900 in TOEIC or More than
(n = 7) (Min–Max: 27–53) (Min–Max: 2–10) the 1st grade in “EIKEN” C1
Int. JS 26.1 (2.7) 0.14 (0.38) The 2nd or pre-1st  grade B1 or B2
(n = 7) (Min–Max: 23–30) (Min–Max: 0–1) in ii  in “EIKEN”
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3 .4 .2  Materials   
     As shown in Table 3.5, twelve word stimuli were prepared based 
on Lee et al. (2006), whereby each word contained an unstressed 
vowel (i.e., [ə] or [ɪ]) (henceforth, schwa) .   
Table 3.5 
Experimental materials 
 
Note. The underlined part is schwa. However, in the words, ‘eleven’ 
and ‘indicate’ underlined weak vowel is not schwa but /ɪ/.   
 
The location of schwa in the words varied: initial, medial, or final 
position.  Each word was written on a card where the primary stress 
was marked in bold and schwa was marked in color.  Since the 
experiment did not aim to examine the participants’ knowledge of 
English stress locations in a word but rather to investigate their 
acoustic production of schwa, it was reasonable to let the participants 
know the target word.  The participants were asked to say each word 
in a carrier sentence on a card—“I said_____ this time.”—at a normal 
speech rate, twice.  Before their statements were recorded, the 
participants were allowed to read the words once to avoid any 
disfluency during the experiment.  The twelve words were randomly 
presented to each participant.  The utterances produced by the 
  Initial Medial Final 
  ability /!bɪl!ṭi/  kangaroo /kæŋg!ruː/ opera /ɑp(!)r!/ 
  afford /!fɔɚd/  economy /ɪkɑn!mi/ sofa / soʊf!/ 
  eleven /ɪlev(!)n/  introduce /ɪntr!d(j)uːs / 
   object /!bdʒekt/  television /tél!vɪʒ!n/ 
   asleep /!slɪːp/  indicate /ɪndɪkeɪt/ 
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participants were recorded in a quiet room, using Praat 4.4.34 
(Boersma & Weenink, 2006) computer speech recognition software, 
at a 44.1 kHz sampling rate and 16.1-bit resolution.  The duration of 
the experiment was approximately 10 minutes.  
3 .4 .3  Analysis  
     The participants’ second utterances were used for acoustic 
analysis because they can be more natural than the first ones.  Two 
acoustic measurements were conducted: one for the duration of schwa 
to a primary stressed vowel, and the other one for the first and second 
formant frequencies (F1 and F2) of schwa.  For the durational 
analysis, the mean ratio of the duration of schwa to a stressed vowel 
in a target word was calculated.  In terms of vowel quality, 
numerical values of F1 and F2 were normalized for the spectral 
analysis of the target vowels and schwa to avoid the effect of the 
different vocal tract lengths in each participant.  All the formant 
values were normalized to one female NS speaker, referring to the 
average third formant (F3) of [ɪ] in ‘ability’ /əbɪ ləti/, ‘indicate’ 
/ɪndɪkeɪt/, ‘introduce’ /ɪntrəd(j)uːs/, and ‘elevision’ /teləvɪ ʒən/ (Lee 
et al., 2006).  The mean F3 of this speaker was taken as the norm 
and was divided by the mean F3 for each participant.  Then, the 
formants for each speaker were multiplied by the factor derived from 
his or her own F3.   
3 .5  Results  and Discussion 
     This section reports the results and discussion on the duration 
ratio and quality (the first and second formant frequencies: F1 and 
F2). 
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3 .5 .1  Results  and Discussion on Duration Ratio 
3 .5 .1 .1  Results  on the duration  
     Table 3.6 presents the mean ratio of the duration of schwa to 
stressed vowels produced by the three groups (NS, Adv. JS, and Int. 
JS) as a function of the position of schwa in a word.  Figure 3.1 
plotted the values of the duration ratios according to the three groups.   
 
Table 3.6 
Descriptive statistics for the duration ratio by the three groups (NS, 
Adv. JS, and Int. JS) as a function of the position of schwa in a word 
 
Note. SD stands for the standard deviation.     
Position Groups M (SD) n 
Initial NS 0.48 (0.20) 15 
 Adv. JS 0.53 (0.15) 35 
 Int. JS 0.67 (0.27) 34 
Medial NS 0.51 (0.24) 15 
 Adv. JS 0.47 (0.17) 35 
 Int. JS 0.56 (0.28) 35 
Final NS 1.12 (0.29) 6 
 Adv. JS 1.11 (0.27) 14 
 Int. JS 1.14 (0.41) 14 
 
  111 
Figure 3.1. The duration ratio as a function of schwa’s position in a 
word plotted according to the three groups (NS, Adv. JS, and Int. JS).  
In terms of the initial schwa, NS produced schwa with roughly half 
the duration of the stressed vowels (ratio = 0.48).  The ratio of the 
duration produced Adv. JS is roughly similar to that of NS (ratio = 
0.53).  However, the ratio for Int. JS was clearly larger than that for 
NS and Adv. JS (ratio = 0.67).  In regard to the medial schwa, all 
three groups produced schwa with roughly half the duration of the 
stressed vowels.  In terms of final schwa, in all three groups, the 
duration of schwa was larger than that of the stressed vowels (ratio is 
greater than 1.10).  The longer duration of final schwa is probably 
due to the word-final lengthening (Flemming, 2009). 
     To confirm the observational findings mentioned above, the 
statistical analyses were conducted.  The durational ratio data were 
submitted separately to a one-way ANOVA with Groups (NS, Adv. JS, 
and Int. JS) for each of the three conditions formed by the factor of 
schwa’s position in a word (initial, medial, and final).  The results of 
the statistical tests are shown in Table 3.7.  
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Table 3.7 
Results of the one-way ANOVA for the mean ratio of the duration of 
schwa to a stressed vowel as a function of schwa’s position in a word 
 
 
 
Note. SS = sum of squares, df = the degrees of freedom, MS = the 
mean squares, F = F-value. “NS, Adv./Int. ” in comparison shows 
that a significant difference was observed between the duration for 
Int. JS and those for NS and Adv. JS. * p < .05. 
In regard to schwa in initial positions (Iambic foot; marked), the 
analyses yielded a significant main effect for the duration ratios of the 
Groups.  Tukey’s post hoc tests revealed a significant difference 
between NS and Int. JS, p < .05, d = 0.73, medium effect, and between 
Adv. JS and NS, p < .05, d = 0.65, medium effect, thereby showing 
that the mean ratio of the duration was significantly larger for Int. JS 
than for NS and Adv. JS.  
     On the other hand, the medial and final types (Trochaic foot; 
unmarked) did not reach a significant outcome in the analysis, which 
suggests that the mean ratio of the three groups were similar. 
 
3 .5 .1 .2  Discussion on duration rat io  
     The finding revealed, as shown in Table 3.8, that in terms of 
initial schwa, Int. JS produced schwa with significantly larger 
duration ratio than Adv. JS and NS did.  It can be assumed that Int. 
Position    SS df     MS F p-value η2p Comparison 
Initial  Btw.  0.518 2 0.259 5.36 .006* 0.11   NS, Adv 
 
 Within  3.901 81 0.048      /Int.  
Medial Btw.  0.118 2 0.059 1.03 .360 0.02  
 
Within  4.680 82 0.057     
Final Btw.  0.006 2 0.003 0.026 .974 0.00  
  Within   3.596  31 0.116     
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JS reflected their L1 mora-timed rhythm on their performances, 
whereby each syllable was likely to be equal in length, in their L2 
production. 
 
Table 3.8 
Summary of findings in terms of duration ratio 
 
Note. The symbol “×” indicates that the pronunciation of the 
participants significantly deviated from that of the native speakers. 
On the other hand, regarding schwa in the medial and final position, 
both JS groups produced schwa in a manner identical to NS.  The 
duration ratio is relatively high in the final schwa in NS, thus it 
might have been easy for the Japanese participants with mora-timed 
background to produce native-like schwa in the final position of a 
word.   
     These results support the prediction based on the markedness 
differential hypothesis (Eckman, 1977)that schwa in the initial 
syllable of a word (marked) is more difficult to produce in the manner 
of NS than schwa in other positions.   
     It should be noted here that although Int. JS appeared unable to 
duplicate the pronunciation of NS, eventually they might be able to do 
so, as evidenced by the ability of Adv. JS to produce a ratio 
comparable to that of NS.  This finding in the present study 
corroborates with Ueyama (2000).  She has shown that Japanese 
Position of schwa Stress 
 
Markedness Results 
Int. JS      Adv. JS 
Initial Iambic  Marked   
Medial Trochaic  Unmarked   
Final Trochaic Unmarked   
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speakers at the beginner level cannot produce native-like durational 
contrasts between stressed and unstressed vowels in the initial 
syllable of a word, while those at the advanced level can.  Note that 
this comparative method is somewhat different from the present 
study’s method.  Ueyama’s study compared the duration ratio of 
unstressed to stressed vowels in the initial syllable of the same pairs 
of nouns and verbs (e.g., ‘contract,’ ‘digest,’ ‘permit,’ and ‘subject’).  
She stated that the result was probably due to the fact that increased 
exposure to the input of native English can allow Japanese speakers 
of English at beginner level to produce native-like duration. 
 
3 .5 .2  Results  and Discussion on Quality    
3 .5 .2 .1  Results  on F1 values 
     Table 3.9 presents the normalized F1 for schwa (in Hz) produced 
by the three groups as a function of schwa’s position in a word.  In 
Figure 3.2, the F1 values are plotted according to the three groups. 
Table 3.9 
Descriptive statistics of the F1 values as a function of schwa’s position 
in a word produced by the three groups 
 
 
 
 
Note. SD stands for the standard deviation. *p < .05.  
Positions Groups      M (SD) n 
Initial     NS      559.26 (80.73) 15 
 Adv. JS 573.60 (131.01) 35 
 Int. JS 590.33 (127.26) 34 
Medial     NS      498.20 (61.86) 15 
 Adv. JS      491.87 (96.61) 50 
 Int. JS      494.13 (86.02) 35 
Final     NS 641.30* (82.21) 6 
 Adv. JS 649.39 (56.35) 14 
 Int. JS 567.39* (97.19) 14 
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Figure 3.2. The F1 values of schwa as a function of schwa’s position in a 
word.  
 
     In the initial and medial positions, the production of schwa of the 
three groups was similar, and their values varied within a small range 
from 550 to 590 Hz in the initial position and from 490 to 495 Hz in the 
medial position.  In the final position, however, Int. JS produced 
schwa (567.39 Hz), which is closer to Japanese [o] (567 Hz; Imaishi, 
1997) with a much lower F1 (70-80Hz difference) than those produced 
by NS (641.30 Hz) and Adv. JS (649.39 Hz). 
    The F1 data were submitted separately, as a within-subject factor, 
to a one-way ANOVA with Groups (NS, Adv. JS, and Int. JS) for each of 
the three conditions formed by the factor of schwa’s position in a word 
(initial, medial, and final).  Table 3.10 summarizes the results of the 
statistical tests. 
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Table 3.10  
Results of the one-way ANOVA for the F1 values of schwa as a 
function of schwa’s position in a word  
Note. SS = sum of squares, df = the degrees of freedom, MS = the 
mean squares, F = F-value. “NS, Adv./Int.” in comparison shows that 
a significant difference was observed between the F1 values for Int. 
JS and those for NS and Adv. JS. *p < .05. 
 
     The results reveal that no significant main effect was observed for 
the schwa in the initial and medial positions.  On the other hand, in 
regard to the final schwa, the analyses yielded a significant main effect 
for the ratios of the Groups, and Tukey’s post hoc tests yielded a 
significant difference between NS and Int. JS, p < .05, d = 1.14 (a large 
sized-effect) and between Adv. JS and Int. JS, p < .05, d = 1.03 (a large 
sized effect), suggesting that Int. JS produced significantly lower F1 
values of schwa than NS and Adv. JS.  No significant difference 
between NS and Adv. JS was observed, p > .05, d = 0.009 (no effect).   
 
 
 
Position    SS df MS F p-value η2p Comparison 
Initial  Btw.  666.52 2 333.26 0.026 .974 0.00  
 
 Within  2750388.25 215 12792.50     
Medial Btw.    476.70 2 238.35 0.03 .97 0.00  
 
Within  762512.70 97 7860.95 
  
  
Final Btw.  52423.71 2 26211.85 4.106 .026* 0.20 NS, Adv 
  Within  197893.55 31 6383.66          /Int.  
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3 .5 .2 .2  Discussion on F1 values  
     In the final schwa, F1 values of schwa produced by Int. JS (567.39 
Hz) were significantly lower than those produced by NS (641.30 Hz) and 
Adv. JS (649.39 Hz.28)  The former emerged around “the close-mid” 
position in the vowel space, whereas the latter appeared around “the 
open-mid central” position.  As previously mentioned, final schwa 
should appear in the mid to lower parts of the vowel space to avoid 
conflict with the other contrastive reduced vowels (Flemming, 2009); 
however, Int. JS were unable to pronounce final schwa in this way.  
Their word-final schwa tends to exhibit a mid-vowel quality (i.e., 539 
Hz for F1 and 1797 Hz for F2).  It is interesting that Int. JS could not 
pronounce final schwa in the manner as NS despite the fact that the 
quality is relatively close to a full vowel, which means that it should be 
less difficult to pronounce for Japanese speakers.  
     It is also of interest to look at the standard deviations (SD) of the 
F1 of final schwa produced by Int. JS.  A previous study reported that 
the F1 values of schwa exhibit less variability, while the F2 values 
show more variability when they are assimilated to the adjacent 
context (Kondo, 1994).  However, Int. JS showed an opposite pattern: 
they exhibited F1 with large variability (SD = 82.21 for NS; 56.35 for 
Adv. JS; 97.19 for Int. JS), showing that they might not have been able 
to produce the F1 dimension of schwa by properly using the English 
coarticulation strategy.   
 
3 .5 .2 .3  Results  on F2 values 
    Table 3.11 presents the mean of the second formant frequency of 
                                                      
28 Note that the F1 values of NS and Adv. JS were closer to the native 
norms reported by the previous studies (e.g., 665 Hz, Flemming & Jonson, 
2007; also see Table 3.2). 
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schwa (F2) produced by the three groups, NS, Adv. JS, and Int. JS as a 
function of schwa’s position in a word.  The F2 values are plotted 
according to the three groups in Figure 3.3.   
Table 3.11 
Descriptive statistics of the F2 values as a function of schwa’s position 
in a word produced by the three groups 
Note. SD stands for the standard deviation. *p < .05 
 
 
Figure 3.3. The F2 values of schwa as a function of schwa’s position in a 
word.  
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The most remarkable difference was observed in the initial position: the 
Adv. JS produced schwa (1402.57 Hz) with notably smaller F2 values 
compared with the other groups (160 and 90 Hz less than the F2 values 
of NS and Int. JS).  In regard to the medial position, the two Japanese 
groups produced schwa identically with smaller F2 values (80 Hz less) 
than NS (1618.92 Hz).  In terms of the final position, Adv. JS produced 
schwa with smaller F2 values than the others groups (60 and 120 Hz 
less than NS and Adv. JS). 
     The F2 data were submitted separately, as within-subject factor, 
to a one-way ANOVA with Groups (NS, Adv. JS, and Int. JS) for each of 
the three conditions formed by the factor of schwa’s position in a word 
(initial, medial, and final).  Table 3.12 summarizes the results of the 
statistical tests. 
 
Table 3.12 
Results of the one-way ANOVA for the F2 values of schwa as a 
function of schwa’s position in a word  
 
 
 
Note. SS = sum of squares, df = the degrees of freedom, MS = the 
mean squares, F = F-value. “NS, Int./Adv.” in comparison shows that 
a significant difference was observed between the F2 values for Adv. 
JS and those for NS and Int. JS. *p < .05. 
Position    SS df MS F p-value η2p Comparison 
Initial  Btw.  307064.38 2 153532.19 3.52 .034*  0.08   NS, Int. 
 
 Within  3533001.8 81 43617.30     /Adv. 
Medial Btw.  86843.66 2 43421.83 0.647 .526 0.013  
 
Within  6506572.74 97 67078.07     
Final Btw.  106196.93 2 53098.46 1.991 .154 0.114  
  Within  826812.43 31 26671.36       
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In terms of the initial position, the analyses yielded a significant 
main effect for the ratios of Group.  Tukey’s post hoc tests showed a 
significant difference between NS and Adv. JS, p < .05, d = 0.80 ( a 
large-sized effect), and between Adv. JS and Int. JS, p < .05, d = 0.44 
(a small-sized effect), but no significant difference between NS and 
Int. JS., p > .05, d = 0.30 (no effect size).  These findings suggest that 
Adv. JS produced significantly lower F2 values of schwa than the 
other groups. 
     On the other hand, no significant main effect was observed for 
the medial position, p > .05, η2p = 0.013, and for the final position, p 
> .05, η2p = 0.114. 
3 .5 .2 .4  Discussion on F2 values       
     In regard to F2 values, Adv. JS produced initial schwa with 
significantly lower values (1402.57 Hz) than those of NS and Int. JS 
(1564.77 Hz, 1490.26 Hz), which were correspondent with the native 
norms reported in the previous studies (i.e., “the open-mid to 
closed-mid” positions).  Adv. JS articulated schwa in a back position, 
which is closer to full vowels.  This can perhaps partially be 
explained by the influence of orthography.  To confirm this 
assumption, the mean of value of schwa spelled <a> in the stimuli was 
calculated for each group.  Schwa spelled <a> was selected for the 
analysis because half the amount of schwa in the stimuli were spelled 
with <a>.  As shown in Table 3.13, the mean of the F2 values of the 
schwa spelled <a> for Adv. JS was 1364 Hz, which is closer to back 
vowels (c.f., 1400 Hz for English [ʌ], 1200 Hz for English [ɑ], Peterson 
& Barney, 1952; 1384 Hz for Japanese [a], Imaishi, 1997).  In other 
words, even Adv. JS produced might have relied on either Japanese 
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grapheme–phoneme conventions or English orthographic conventions.  
On the other hand, interestingly, Int. JS and NS produced the F2 
values of schwas spelled <a> (i.e., 1435 Hz and 1454 Hz) exhibited 
around a central vowel position, which is the norm of English schwa. 
 
Table 3.13 
F2 values of the schwa spelled <a> for NS, Adv. JS, and Int. JS 
 
     Regarding the Japanese speakers’ dependency on the 
orthography, Lee et al. (2006) has also shown that the late bilinguals 
produced unstressed vowels with formant frequencies similar to full 
vowels.  They speculated that the participants used either Japanese 
or English grapheme–phoneme conventions for producing schwa.  
     It should be noted that the SD for the F2 values of schwa 
produced by Adv. JS (SD = 179.29) showed less variability than the 
deviation for the other groups (SD = 247.47 for NS; 218.09 for Int. JS).  
According to a previous study, the F2 values for NS vary according to 
their neighboring phonetic environments due to coarticulation (i.e., 
high variability: Kondo, 1994).  Therefore, the tendency observed in 
Adv. JS suggests that even L2 speakers with high proficiency in the 
present study failed to employ a L2 coarticulation strategy to produce 
schwa.  
 
3 .5 .2 .5  Summary of  F1 and F2 values 
     Table 3.14 summarizes the findings on the realization of English 
schwa by Adv. JS and Int. JS, and Figure 3.4 illustrates the normalized 
Groups NS Adv. JS Int. JS 
F2 values (Hz) 1454 1364 1435 
 
  122 
F1 and F2 mean values of schwa for the three groups. 
Table 3.14  
Summary of findings for the F1 and F2 values 
 
Note. The symbol “×” indicates that the pronunciation of the 
participants significantly deviated from that of the native speakers.  
     In terms of quality, the findings did not support the hypothesis.  
The present study revealed asymmetric results between Int. JS and 
Adv. JS that Int. JS had difficulty in producing the F1 of schwa in the 
final position in a word, whereas Adv. JS produced the nonnative-like 
F2 of schwa in the initial position.  However, these might not show 
the general tendency specific to the L2 speakers with advanced and 
intermediate English proficiencies.   
     According to Tomita, Yamada and Takatsuka (2010), which 
investigated the F1 and F2 of English schwa produced by four 
Japanese speakers whose English levels were at the intermediate to 
high levels (see Chapter 1), their participants demonstrated the 
variations in the F1 and F2 values of the target words, for example, 
one of the participants was able to exhibit a native-like schwa in 
terms of F1 but not F2; in contrast, another participant showed the 
opposite pattern, where the F2 value but not the F1 value was 
Position of schwa Stress Markedness
Int. JS Adv. JS
Initial Iambic Marked ○ × (F2)
Medial Trochaic Unmarked ○ ○
Final Trochaic Unmarked × (F1) ○
Results
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native-like.  The researchers stated that this observed tendencies 
were due to the fact that the participants’ English abilities were not 
high enough to produce a stable schwa across words.   
     The same account might be applied to the findings in the present 
study.  Although the participants in the present study showed the 
different performances depending on the schwa’s positions and F1 and 
F2 values, this should not be concluded as typical to L2 learners at 
this English level.  However, further studies with different 
participants are necessary to confirm this interpretation.  
     Concerning the characteristics of schwa, the values in both F1 
and F2 appeared to reflect the participants’ L1 grapheme—phoneme 
correspondence.  The values of schwas elicited in the experiment 
were closer to Japanese vowels [a] (for F2 values) and [o] (for F1 
values) (the schwas spelled as [a] occupy 45%, and [o] occupy 25%; see 
Table 3.5). 
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Figure 3.4.  Normalized F1 and F2 mean values of schwa for the three 
groups. [a], [ɪ], [e], and [o] are Japanese full vowels (Imaishi, 1997).  
Those vowels are indicated because schwa in the stimuli are spelled 
<a>, <i>, <e>, or <o>. 
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3 .6  Chapter  3  Conclusion and Further  Research  
     In conclusion, the following sections summarize the overall 
findings of the tendencies of the pronunciation of schwa by Japanese 
learners of English and report the significant limitations that require 
further work below. 
 
3 .6 .1  Summary of  Findings 
     To satisfy one of the objectives of this study, this chapter 
investigated which phonetic feature of English schwa—duration or 
quality—was more easily acquired by Japanese speakers of English at 
the advanced (Adv. JS) and intermediate (Int. JS) levels and 
examined whether their performance could be predicted using the 
phonetic feature hypothesis.  Additionally, the present study 
investigated how Adv. JS and Int. JS produce schwa in the initial, 
medial, and final syllables of a word and, using the markedness 
differential hypothesis, to determine which position of schwa was the 
most difficult to pronounce in the same manner as native speakers of 
English (NS).  The main findings of the experiment are listed below: 
 
(1) The present study confirms that overall the phonetic feature 
hypothesis can predict the production of schwa by Japanese 
learners of English.  They performed better when producing 
schwa in duration, which is a feature used in their L1, whereas 
their performance was less successful in terms of the quality of 
schwa production, which is not a feature employed in their L1 
accent.  This shows the persistent difficulty of acquiring 
phonetic aspects that do not exist in L1.  These results are 
consistent with Lee et al. (2006).   
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(2)  Int. JS showed difficulty producing native-like schwa in 
marked positions (i.e., initial schwa) in terms of duration, as 
predicted by the markedness differential hypothesis, whereas 
this was not the case for Adv. JS.  This finding suggests that 
Japanese learners at intermediate level are not able to realize 
native-like schwa in a word’s initial schwa by taking advantage 
of the phonetic feature employed by their L1 word accent, 
however, they might be able to overcome the problem as their 
English ability improves.  In terms of quality, for the Japanese 
speakers at the both levels, it seems difficult to perfectly produce 
native-like schwa, and the hypothesis could not predict this 
aspect.  
 
3 .6 .2  Limitat ions and Further  Research 
    The present study has crucial shortcomings, and further studies 
are needed. 
(1) Japanese speakers of English at both the advanced and 
intermediate levels were not able to produce schwa in quality on 
a regular basis in the same manner as native speakers of 
English.  Although the present study did not examine the 
precise phonetic environment (the place of articulation of 
adjacent consonants of schwa) by controlling this aspect, we may 
be able to identify problematic schwa in terms of quality for 
Japanese learners of English.  
(2) In terms of the duration ratio, the present study revealed that 
although Japanese learners of English at the intermediate level 
were not able to pronounce native-like initial schwa, the 
advanced-level learners were able to do so, thus illustrating that 
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the former group was still at the developing stage.  Further 
studies are necessary to investigate whether or not the poor 
performance in the initial schwa by intermediate learners can 
improve by pronunciation training (see Chapter 4).  
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Chapter  4  
Study 3:Pronunciat ion Training for  Schwa 
by Auditory Word Repetit ion 
 
4 .1  Introduction to  Study 3:  Experiments  1 ,  2 ,  and 3 
     So far, the present study has revealed that Japanese speakers of 
English have difficulty in pronouncing native-like English schwa in 
terms of both correct duration and quality (Chapter 3).  To make 
English speech intelligible, it is crucial to clearly express the 
distinction between stressed and unstressed syllables, which involves 
schwa.  Despite the importance of schwa in English speech, the 
studies on pronunciation teaching that focuses on schwa have not 
been a focus of much investigation.  Hence, the objective of Chapter 4 
(Experiments 1, 2 and 3) is to investigate whether or not Japanese 
learners of English can improve their pronunciation of schwa in words 
in terms of duration and quality by a training of the auditory word 
repetition. 
     The remainder of Section 4.1 is organized as follows: First, the 
characteristics of schwas produced by Japanese speakers of English, 
based on the findings of the present study are described; then, the 
effect of auditory word repetition on speech learning and the 
experimental design are explained; and finally, where the present 
study fits in the larger context of the second language acquisition 
(SLA) process is explained. 
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4 .1 .1  Characterist ics  o f  Schwa Real ized by Japanese 
Speakers  of  Engl ish 
     The primary characteristics of schwa realized by Japanese 
speakers of English are summarized below: 
 
4 .1 .1 .1  Duration rat io  
     The relative duration of schwa in the initial syllable of a lexical 
word to that of a stressed vowel is significantly greater among 
Japanese learners of English at intermediate level than among native 
English speakers (Sugiura, 2006, see Chapter 3).  That is, less 
durationally accurate production of schwa has been observed in words 
with iambic rhythm (i.e., a weak–strong syllable pattern). ?
Conversely, in the other positions in a word, Japanese learners are 
likely to produce native-like schwa.  These tendencies have been 
observed especially in Japanese speakers with intermediate English 
proficiency (CEFR B2 or B1). 
 
4 .1 .1 .2  Qual ity   
     Even Japanese speakers with advanced English proficiency tend 
to have difficulty producing native-like schwa in terms of quality 
(especially, relatively lower second formant (F2) frequencies)29 when 
they read aloud word stimuli.  They are inclined to produce schwa in 
ways that inappropriately reflect L1 phoneme-grapheme convention 
or their L1 coarticulation strategy (see Chapter 3). 
     Note here that Japanese learners of English at intermediate and 
upper- intermediate levels are likely to disregard the oral information 
                                                      
29 The average of the first formant frequencies of schwas produced by the 
participants was the target-like (see Chapter 3). 
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of schwa in pronouncing it when both oral and written input are 
simultaneously presented, that is, to produce it based on orthography 
influenced by L1 grapheme-to-phoneme correspondences (see Chapter 
2). 
     Overcoming such lapses in their pronunciation requires the 
training method that facilitates L2 phonological processing and 
successfully restructure and develop interlanguage representations.  
The repeated experience with auditory words exemplifies one such 
methodology.  
 
4 .1 .2  Auditory Words Repetit ion  
     Research on the effect of repeated exposure (not repetition) on 
speech perception and production has been conducted mainly in the 
context of first language (L1) (e.g., Church & Fisher 1998; Church & 
Schacter 1994; Fisher, Hunt, Chambers & Church 2001; Schacter & 
Church 1992) to investigate the mechanism of language acquisition 
from the perspective of implicit learning.   Conversely, only a few 
studies have investigated L2 learners in this issue (McDonough & 
Trofimovich 2009, p. 26).   Several recent studies have revealed that 
L2 learners, like L1 learners, exhibit the repetition effect on L2 speech 
processing (i.e., response latency 30 ) (e.g., Ju & Church, 2001
Trofimovich, 2005, 2008; Trofimovich & Gatbonton, 2006).  Specifically, 
in a recent study has shown that Japanese learners of English can 
benefit from one exposure to auditory words in processing speed 
(Sugiura & Hori, 2012; Hori & Sugiura, 2014).  However, the role of 
repetitive practice in facilitating more accurate L2 pronunciation has 
                                                      
30 This measures the offset time of stimulus presented and the onset time of 
repetition (e.g., Trofimovich, 2005). 
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not been largely explored.  With intensive exposure to auditory input, 
L2 learners are presumed to modify or reform their phonological 
representation in their lexicon, leading to improving learners’ 
production (i.e., pronunciation).   
     In fact, several studies highlighted the effect of immediate 
repetition (e.g., oral repetition, shadowing) in improving L2 
pronunciation (e.g., Hori, 2008; Mori, 2011; Ofuka & Gilbert, 2013) as 
reviewed in Chapter 1.   The previous studies, however, have not 
revealed the pure effect of repetition with auditory input on the 
pronunciation improvement due to the possible influence of semantic 
and discourse attributing to the nature of the tasks (e.g., shadowing, 
repetition of video clips).    
     Furthermore, it has not been thoroughly examined how many 
times L2 learners need to repeat the auditory input and what specific 
linguistic features in the presented auditory input they can attend to 
and assimilate in order to improve their L2 pronunciation.  To address 
these problems, the present study employed the experimental paradigm 
of auditory priming that involves one’s repeated experience with 
auditory words and that is characterized by an improvement in one’s 
ability after prior exposure (Gabrieli, 1998).  More details are 
explained in the next section.  
 
 4 .1 .3  Experimental  Design 
     Typical auditory priming experiments consist of study and test 
phases.  In the study phase, a hearer is exposed to sets of presented 
auditory words, and in the test phase, he/she repeats sets of words 
including both previously heard and new words.  In this phase, the 
hearer is likely to process the previously heard words faster to 
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identify more accurately or pronounce them more accurately 
compared to an unheard input (i.e., auditory priming effect).  The 
interval between the study and test phases depends on the studies 
(e.g., 10 min., 1 week, or 1 month). 
     The advantages for using a priming experiment is that, unlike 
shadowing activities, that involve auditory priming effect, it is 
relatively easy to control a variety of factors, such as the amount of 
exposure to stimuli and the quality of the auditory input (e.g., 
semantic and discourse information, phonetic and phonological 
characteristics of sound stimuli such as word familiarity, stress 
pattern, voice quality, acoustic modification) (e.g., Murao & Sasaki, 
2008; Hori & Sugiura, 2014; Sugiura & Hori, 2012; Takaoka et al., 
2010; Trofimovich, 2005, 2008; Trofimovich & Gatbonton, 2006).  
This experimental paradigm, thus, enables us to obtain the data 
purely from the repetition of auditory input by preventing the 
occurrence of semantic or discourse effects using low familiarity 
words or non-words and also to reveal what specific linguistic 
information in the presented auditory input they can be sensitive to 
and intake in the study phase and to use them in the successive task.   
     The present study applied this method, which is mostly 
employed in L1 and L2 speech processing research to examine the 
repetitive effect on L2 pronunciation improvement, but the following 
two aspects were modified.  One is related to the number of 
repetitions:  the previous studies on speech processing had the 
participants exposed to auditory words just once, while the present 
study increased the number (5 and10 times for Experiment 1 and 8 
times for Experiments 2 and 3) to raise learners’ sensitivity to 
phonetic/phonological information in L2 auditory input.  The greater 
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sensitivity is expected to promote pronunciation accuracy.  
     Another difference lies in how learners process the presented 
auditory words.   While in the previous studies the learners just 
listened to the auditory word stimuli in the study phase, in the 
present study the participants listened to a model utterance, 
simultaneously repeating it aloud as accurately as possible.  This 
immediate repetition is intended to facilitate the restructuring of 
their phonological representation.  More specifically, the 
spontaneous repetition without pausing after the presentation of 
words facilitates learners’ phonetic perception, by activating subvocal 
rehearsal31 in a phonological loop32 (in the working memory, namely, 
the short-term memory).  Since an immediate repetition task enables 
listeners to imitate certain phonetic details of auditory input that are 
not used phonologically in their native language (Goldinger, 1998),  
the learners do not depend on their established L1 phonological 
representation in the task.  Consequently, the restructuring of 
learners’ phonological representation takes place, thus leading to 
making their speech perception (and presumably pronunciation) to 
more target-like (Kadota, 2007). 
     
4 .1 .4  Second Language Acquisit ion Process  and the Present  
Study 
     As mentioned in the previous section, the present study 
controlled the input in terms of amount and quality during the 
                                                      
31 This is “articulatory mechanism which serves to reactivate the fading 
phonological representation; as this process operates in real time, the 
amount of phonological that can be maintained in phonological store by this 
process is limited” (Gathercole & Adams, 1994 ).  
32 The phonological loop is embodied in working memory specialized for 
holding sequences of acoustic or speech-based items (Baddeley, 1992). 
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auditory word repetition task to investigate the immediate repetition 
effect on L2 pronunciation.   This section presents how the present 
study is related to the process of L2 acquisition and explains the three 
experiments conducted in this chapter.  
     As shown in Figure 4.1, the basic model of L2 acquisition process 
involves input, intake, integration, access, and output (an integrated 
list provided by Itagaki, 2006, based on Ellis, 2003; Gass, 1988, Gass 
& Selinker, 2001; Richards, 2002).  Input is the language input that 
learners are exposed to.  Gass (1997) states that input is the “single 
most important concept of the second language acquisition” (p. 1); 
Ellis and Shintani (2014) explains that “no learning can take place 
unless learners have access to input” (p. 174).  In the next stage, 
input is used for intake (Izumi, 2002), which is described as “the 
mental activity that mediates between input and grammar” (Gass & 
Selinker, 2001, p. 406).   The degree of intake of input may be 
influenced by the characteristics of the linguistic item (Long, 1983; 
Snow, 1998), as cited in Bohannon & Warren-Leubecker, 1985) and 
complexity of linguistic structures (e.g., comprehensible input) 
(Krashen, 1985).  A following stage, integration, is defined as “the 
processes by which the learner incorporates a new learning item into 
his or her developing system or interlanguage” (Richards, 2002, p. 42).  
Access is the learner's ability to draw on his or her interlanguage 
system during communication (Richards, 2002, pp. 43–44).  Finally, 
output is often used to mean something equivalent to learners’ 
language competence; the quality of output reflects how strongly 
linguistic knowledge is represented in the learner’s mind.  Moreover, 
output might be related to the automaticity of language processing 
(Gass & Selinker, 2008, p. 490), that is, how efficiently learners can 
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access stored information. 
 
Figure 4.1. The relation between the process of second language 
acquisition (from Gass, 1997, modified by the present author) and the 
experiments of auditory word repetition conducted in the present 
study.  In the figure, “rep.” in Intake stands for “representation.” 
 
     Of particular interest is the question of how efficiently learners 
take in and integrate a target feature from language input during the 
repetition of auditory words and utilize the information to accurately 
pronounce the target sound.  To facilitate learners’ intake and 
integration of the input, two types of manipulation in auditory input 
were conducted in the present study:  
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1. Input flood 33  (manipulation of the amount of input), where 
learners receive intensive input including the target items (e.g., 
Gass, 1997; Robinson 2003; Schmidt, 1990, 2001) 
2. Input enhancement (manipulation of the quality of input), where 
learners’ noticing/awareness of target features is prompted 
(Sharwood Smith, 1991).  
With regard to the amount of input, Experiment 1 examined whether 
or not the repetition of auditory words can promote a learner’s 
awareness and intake of a target feature, facilitating pronunciation 
improvement.  In addition, in the light of the characteristics of 
stimuli (related to quality of input), the present study investigated 
whether or not the familiarity (high vs. low) of words and stress 
patterns (trochaic vs. iambic rhythm) affect pronunciation 
improvement.  Furthermore, this study is concerned with whether or 
not learners can access stored phonetic/phonological information in 
long-term memory a week later as well as 10 minutes later, thus 
examining the retention of learning. 
     Experiment 2, focusing on the quality of input, investigated 
whether or not and how orthographic information provided along with 
auditory words can influence L2 pronunciation improvement. 
     Experiment 3 also shed light on the quality of input by 
examining whether or not and how acoustically modified input, which 
                                                      
33 Note here that the terms, “input flood” and “input enhancement”, are 
used in the number of L2 acquisition studies, in which, in many case, 
linguistic structures are concerned, in “meaning-oriented activities.”   
However, the present study focused on auditory input and investigated 
whether or not learners can learn pronunciation by exploiting phonetic and 
phonological sounds from acoustically enhanced L2 input in 
non-contexiutalized condition (i.e., excluding the semantic influence on the 
acquisition). 
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is expected to raise learners’ awareness of a particular feature, 
influences the acquisition of the target sound. 
     Note here that Experiment 1 differed from Experiments 2 and 3 
in the way of accessing stored knowledge (i.e., the types of measuring 
outcomes).  Experiment 1 employed only one method: auditory word 
repetition.  Experiments 2 and 3 used word-list reading (a written 
interface) in addition to auditory word repetition (an auditory 
interface) because the task types effects on the L2 learners’ 
pronunciation (e.g., Saito, 2013 for a review).  
     In summary, the goal of this chapter to examine how much input 
and what specific linguistic features in presented auditory words 
learners can be sensitive to and utilize the information to improve their 
pronunciation of English schwa in terms of duration ratio of schwa to a 
stressed vowel in a word (i.e., duration ratio) and its quality.  
 
4 .2 .  Experiment 1 :  Effects  of  the Number of  Repetit ions and 
Characterist ics  o f  Word Stimuli  on Pronunciat ion 
Improvement 
 
4 .2 .1  Introduction to  Experiment 1 
     The primary goal of Experiment 1 is to examine whether or not 
immediate repetition of auditory words influence the development of 
pronunciation of English schwa by Japanese learners, and if so, how 
the amount of input (i.e., 5 or 10 repetitions) and stimuli 
characteristics (i.e., word familiarity and the position of schwa in a 
word) influence the repetition effect.  
     With regard to amount of input, only minimal research on L2 
shadowing has discussed the number of repetitions required for the 
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maximum improvement of target sound pronunciation; another 
deficiency is that the findings are exclusive to pitch range (e.g., Hori, 
2008; Miyake, 2009b).  To provide specific suggestions on target 
sound acquisition, this type of investigation should be expanded to 
include other phonetic features of segmental sounds and prosody.  
     Word familiarity, an indicator of how often a person hears or 
sees a target word (Yokokawa, 2009), also possibly influences the 
improvement of L2 pronunciation.  If learners can obtain a repetition 
effect from low-familiarity words, then we can hypothesize that they 
are able to genuinely learn from phonetic/phonological information 
(Murao & Sasaki, 2008). 
     With respect to the position of schwa in a word (word stress 
pattern), this issue is of concern given the present study’s indication 
that the acquisition of schwa in the initial syllable of a word (i.e., a 
weak–strong word pattern) is more problematic for intermediate 
Japanese learners of English (Sugiura, 2006; see also Chapter 3).   
     The influence of these factors on the effect of auditory word 
repetition has been mainly investigated in relation to L1 and L2 
speech processing (e.g., Murao & Sasaki, 2008; Takaoka, Tachibana, 
& Rikimaru, 2010 for word familiarity; Hori & Sugiura, 2014; Schiller, 
Fikkert, & Levelt, 2004 for stress patterns); however, it has yet to be 
comprehensively explored in L2 production (pronunciation) research.  
Little research has also been devoted to the persistence of the 
repetition effect in L2 pronunciation improvement.  Given that the 
effect of repeated exposure to auditory input is long lasting, 
investigating such persistence would substantially contribute to L2 
pronunciation teaching and learning.   
     The present study investigated the type of conditions in which 
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auditory word repetition can improve the pronunciation of schwa in 
terms of pronunciation, the position of schwa (stress patterns) and 
high or low word familiarity.   
 
4 .2 .2  Background  
     This section briefly reviews the past L1 and L2 studies 
investigating the influencing factors such as the amount of input, 
word familiarity, and word stress pattern for L1 and L2 speech 
processing and production. 
 
4 .2 .2 .1  Amount of  input  (number of  repetit ions)  
     The amount of input is one of the crucial features in SLA 
(Gass ,1988), yet few studies have investigated how much input (i.e., 
how many repetitions) is necessary to improve target L2 
pronunciation (e.g., Hori, 2008; Miyake, 2009b).  Hori (2008) 
revealed that Japanese learners of English can improve their pitch 
range in a tone unit through shadowing activities and can achieve 
maximum improvement at the fifth instance of 15 repetitions.  
Similarly, Miyake (2009b) indicated that during shadowing training, 
pitch range in a tone unit produced by Japanese speakers sharply 
improves by the fifth and sixth repetitions out of a frequency of 10.  
As can be seen, previously published findings center mostly on the 
pitch range of a tone unit, indicating room for the study of other 
segmental sounds and prosodic elements in relation to acoustic 
features, such as pitch, duration, quality, and intensity.  
Determining the number of repetitions necessary for improving target 
sound acquisition is expected to aid L2 pronunciation teaching and 
learning.    
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4 .2 .2 .2  Word famil iarity    
     Word familiarity has received attention in research on L1 and 
L2 speech processing by repeated exposure to auditory words (i.e., 
auditory priming).  In Murao and Sasaki’s study (2008), Japanese 
participants were instructed to listen to 4-mora Japanese words with 
which they are familiar and unfamiliar and to simultaneously 
evaluate the impression of sound on a 5-point scale in the study 
session.  Ten minutes and 1 week after the study session, in the 
study session, they were asked to write down auditorily presented 
words as these are presented three times.  The results indicate that 
the word familiarity does not influence the magnitude of the 
repetition effect on speech processing.  The researchers reported that 
the repetition effect occurred in the activity featuring non-familiar 
words, during which the participants could not use semantic 
information.  This finding suggests that the participants were able to 
use the acoustic information available in the presented auditory 
words.      
     Takaoka, Tachibana, and Rikimaru (2010), however, derived 
contrasting results.  In the study session, Japanese participants 
were asked to listen to 4-mora Japanese words with which they have 
low and high familiarity and indicate the tonal brightness of the 
stimuli on a 7-point scale.  In the test session conducted a day later, 
they were instructed to type the words that they heard.  The results 
indicated that a greater repetition effect was achieved with familiar 
words than with non-familiar words.  The researchers explained that 
the participants may have retrieved familiar words more easily from 
implicit memory given daily exposure to such words.   
     As with L2 speech processing studies, the present study looked 
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into whether intermediate Japanese learners of English 34  benefit 
from a single repetition of auditory words, including both high- and 
low-familiarity words (Sugiura & Hori, 2012).  The recruited 
Japanese learners were first asked to listen to English words with 
which they were highly and minimally familiar and indicate the 
impression of sound clarity on a 7-point scale in the study session.  
Ten minutes later, they were instructed to repeat the auditorily 
presented words as quickly as possible.  The results revealed no 
significant difference in repetition effect (i.e., response latency) 
between the high- and low-familiarity words.  This result leads us to 
believe that previous L1 and L2 studies have been inconsistent 
probably because of the differences in the languages examined, word 
stimuli presented, and/or methodologies adopted.   
 
4 .2 .2 .3  Posit ion of  schwa in a  word (word stress  pattern)       
     Another possible influencing factor for pronunciation 
improvement is word stress pattern.  Only a few studies have 
investigated the effect of word stress patterns on the facilitation of L1 
and L2 speech processing (Hori & Sugiura, 2014; Schiller et al., 2004).      
     A hypothesis formulated on the basis of phonological encoding 
theory on data (Levelt, Roelofs, & Meyer, 1999) maintains that when 
a stress pattern differs from the default rule (i.e., an irregular 
pattern), the metrical pattern of a word is predicted to be stored in the 
mental lexicon, and a priming effect is obtained in the irregular 
pattern.  However, Schiller et al. (2004)35  proposed the different 
                                                      
34 Their TOEIC scores ranged from 400 to 700. 
35 In the experiment of Schiller et al., 2004, during the familiarization 
stage of an experiment on picture naming, the participants practiced 
matching pictures with their corresponding labels (letters) and then 
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idea from Levelt et al (1999).  Schiller et al. (2004) examined 
whether the representation of lexical stress can be primed during 
speech production under L1 (Dutch) conditions.  In Dutch, the 
default word stress follows a trochaic (strong–weak syllables) pattern, 
and the iambic (weak–strong syllables) pattern is considered 
exceptional.  Schiller et al. (2004) found that no stress priming effect 
by the repetition of auditory input was observed and argued that 
lexical stress is not stored in a lexicon.   
     As for an L2 auditory priming study (which focused on Japanese 
learner groups with different levels of English fluency36), Hori & 
Sugiura (2014) revealed that the repetition effect was equally 
observed in words with both trochaic and iambic stress patterns.  
The participants were exposed once (in the study phase) to bisyllabic 
and trisyllabic words that are characterized by both stress patterns. 
In the test phase, they were asked to produce the words that they 
heard and did not hear in the study phase.  A trochaic (strong–weak 
syllables) pattern is considered more common for Japanese speakers, 
although Japanese does not employ lexical stress (Chapters 1 and 
3).37  Consequently, the recently heard words were processed at a 
faster rate than the unheard ones, and the degree of repetition effect 
                                                                                                                                                         
confirmed matching ability.  In the test phase, the participants named the 
target pictures using the designated labels while the researchers presented 
auditory prime words with matched stress patterns and with the 
mismatched stress patterns of the target labels. 
36 The participants’ TOEIC scores were about 600 or higher and 550 or 
lower. 
37 The reasons are as follows: In both the English and Japanese languages, 
pitch is employed in the realization of accent (Beckman, 1986); pitch in both 
languages corresponds to each other, and the type of pitch accent tone is 
limited to H and L (Akita, 2001, p. 137). Given these features, Japanese 
children prefer fall (HL) patterns (corresponding strong–weak stress 
pattern) because of their higher frequency than the LH pattern (Ota, 2003).  
Refer to Chapter 2 (Section 2.3) and Chapter 3 for details.  
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was statistically the same among the words with the two stress 
patterns.  
     Taken together, scholars have yet to determine the type of stress 
pattern that is sensitive to the repetition effect and stored in a lexicon. 
     An important issue for consideration is that structural priming 
research38 has shown weakly-represented structures (i.e., structures 
that are relatively less common or novel to learners) are likely to 
exhibit the repetition effect (e.g., Hartsuiker & Westenberg, 2000; 
Luka & Barsalou, 2005; Luka & Choi, 2012; Reitter, Keller, & Moore, 
2011; Scheepers, 2003); a persistent effect has also been evidenced in 
certain studies (e.g., Luka & Choi, 2012).  Luka and Choi (2012) 
examined the persistent effect of the repetition of sentence structures 
by comparing the first ratings (conducted on Day 1) of the 
grammatical acceptability assigned to novel sentences with the 
second ratings (conducted on Day 8) of the identical or structurally 
similar sentences that were encountered on Day 1.  The results point 
to a persistent effect (7 days) for weakly represented structures, that 
is, relatively novel (less familiar) sentence constructions, compared 
with familiar syntactic structures.  These studies did not address 
auditory input or stress patterns.  However, given that stress 
patterns in the present study have predominant and irregular 
configurations (e.g., syntactic structures or rules), the findings on 
structural priming may provide meaningful insights into 
understanding the results of the present work.  
 
                                                      
38 Structural priming is referred to as the tendency for speakers to reuse 
the structures to which they were recently exposed (Bock, 1986) or to 
produce repeated structures more smoothly.  
  144 
4 .2 .2 .4  Persistent  ef fect   
     The persistent effect of auditory word repetition on 
pronunciation improvement is also a concern in the current study.  
L1 research indicates that repeated exposure to auditory input exerts 
a long-lasting effect (days or weeks) (Church & Schacter, 1994; 
Goldinger, 1996; Murao & Sasaki, 2008).  This issue, however, has 
been paid less attention in relation to L2 pronunciation improvement.  
If a long-term effect on auditory information indeed occurs, such 
phenomenon will contribute to our understanding of the mechanisms 
that govern L1 and L2 acquisition (Murao & Sasaki, 2008).  A crucial 
research direction for the present study, therefore, was to investigate 
this persistent effect.  
 
4 .2 .3  Research Questions   
     Given the lack of investigations and inconsistent findings on the 
aforementioned issues, the present study aims to examine the 
influence of input on repetitive practice with auditory words and on 
the improvement in English schwa pronunciation by Japanese 
speakers, with particular consideration for the persistent effect.  
Specifically, it is aimed to elucidate how much input (i.e., how many 
repetitions) and whether and how input characteristics (i.e., word 
familiarity, word stress patterns) influence such improvement.  This 
study is guided by two main research questions: 
(1) Do Japanese learners of English improve their ratio of duration of 
schwa to a stressed vowel (henceforth, duration ratio) through 
intensive auditory priming?  If so, how do the differences in word 
familiarity (high vs. low), the position of schwa within a word 
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(initial vs. final syllable), and number of repetitions (5 vs. 10) 
influence schwa pronunciation improvement in terms of duration 
ratio and vowel quality? 
(2)  Does the effect of repetitive practice with auditory words last at 
least a week? 
4 .2 .4  Method 
4.2 .4 .1  Partic ipants  
     Twelve Japanese learners of English (nine females and three 
males), aged 19–21, participated in Experiment 1.  All were native 
speakers of Japanese and were non-English-major students enrolled 
in their second English semester course at a university in Japan.  
Their English level was intermediate, ranging from TOEIC 400 to 550 
(i.e., CEFR A2 level).  They were paid to participate in the 
experiment.  To provide the norm of native speakers of English for 
the study, two male native speakers of English, both instructors of 
English as a foreign language at Japanese universities, participated 
in the present study.  One is from Boston, U.S., and the other is from 
Hawaii, U.S.   
4 .2 .4 .2  Materials  
     Thirty-two words of either two or three syllables were selected 
from the list of 3,000 high-frequency words in the British National 
Corpus (BNC) (see Tables 4.1 and 4.2).  The position of schwa in the 
words and word familiarity for Japanese learners of English were the 
selection criteria.  To determine familiarity, a word familiarity list 
(auditory version; Yokokawa, 2009) was used.  The data were based 
on the word familiarity judgment of 3,000 words by a large number of 
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Japanese learners of English with various proficiency levels.  The 
rating scale ranges from 1 (lowest familiarity) to 7 (highest) points.   
     Regarding the position of schwa, as reviewed in Chapter 1, 
previous studies have shown that the phonetic realization of schwa 
differs between initial and final syllables (i.e., the duration ratio of 
initial schwa to a stressed syllable is shorter than that of final schwa); 
therefore, the words were divided into two sets.  Each set included 
both low- and high-familiarity words.  The difference between high 
and low word familiarity was confirmed by Kruskal-Wallis tests for 
the initial- and final-schwa word sets (p < .002 for initial schwa; p 
= .007 for final schwa).  In addition, words including schwa in 
the spellings <a>, <u>, <o>, and <ou> were prepared.39 
 
Table 4.1 
Linguistic stimuli: Schwa in a word-initial syllable 
 
Note. The Kruskal–Wallis test determined the differences between 
familiarity ratings in the two word groups (high and low 
familiarity: on average 6.0 and 2.8, respectively) ;  p < .001. The 
bolded letter indicates schwa’s position. 
 
                                                      
39 Spellings with <e> and <i> were excluded since those schwas tend to 
exhibit different phonetic qualities from the others (Flemming & Johnson, 
2007; see Chapter 1 for details). 
<a> <u> <o>
absorb 2.47 sustain 3.58 convey 2.85
award 2.78 supplier 2.9 condemn 2.85
capacity 2.36
facility 2.88
alarm 6.06 suggest 5.71 control 6.14
attend 6.41 support 5.87 correct 6.32
abroad 6.5 supply 6.2
again 6.1 suspend 5.52
Low
familiarity
High
familiarity
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Table 4.2 
Linguistic Stimuli: Schwa in a word-final syllable 
 
Note. The differences between high and low familiarity ratings 
were determined, and was on average 6.3 and 2.8, respectively,  
p < .001.  The bolded letter indicates schwa’s position 
 
All the words were read in the same U.S.-accented female voice and 
recorded using the text-to-speech software Natural Reader 10.0 
(AT&T, 2011).  The words were then used to construct four 
study-test list pairs, with each pair containing an eight-word study 
list and a 32-word test list.  Table 4.3 shows the phonetic 
characteristics of the auditory word stimuli produced by the 
text-to-speech software. 
 
Table 4.3 
Phonetic information of auditory word stimuli (female voice): duration 
ratio (ms) and the F1 and F2 (Hz) values of schwa as a function of the 
positions of schwa 
 
 
Note. “Initial” and “Final” show the initial and final schwa, 
respectively. 
 
<a> <u><ou> <o>
agenda 3.18 enormous 2.36 carbon 2.84
opera 2.89 religious 2.71 recon 2.96
media 6.27 August 6.22 station 6.31
special 6.71 famous 6.51 lesson 6.14
camera 6.34 dangerous 5.82
Low
familiarity
High
familiarity
Phonetic features      Initial       Final
Duration ratio 0.32 0.72
The first formant frequency (F1) 626 671
The second formant frequency (F2) 1711 1759
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4 .2 .4 .3  Counterbalancing the materials  
     To counterbalance the experimental materials, the 32 words 
were divided into four lists, called Sets A, B, C, and D.  Each set was 
designed to contain both high- and low-familiarity words and words 
with both syllable-initial and final schwa.  For example, one version 
of the list consists of Sets A and B for no-study in the study phase, Set 
C for 5 repetitions, and Set D for 10 repetitions.  In this way, four 
different versions were created.  The 12 participants each received 
one of the versions.  For the test list, all sets were included (see 
Table 4.4). 
 
Table 4.4 
Sample word stimuli list: Version 1 
Note. The underlined stimuli are low familiarity words.  
 
4 .2 .4 .4  Procedures  
     As shown in Figure 4.2, the experiment consisted of study and 
test phases, as described above.  During the study phase, the 
participants listened to and repeated auditory words (8 words 5 times 
and another 8 words 10 times; 120 repetitions in total) individually 
presented at 5-second intervals using SuperLab 4.0 (Cedrus 
List A List B List C List D
facility absorb award capacity
condemn convey sustain supplier
a larm again attend abroad
control supply suggest support
suspend correct opera enormous
religious agenda carbon reckon
dangerous famous media specia l
lesson station camera August
  Unrepeated words
       Repeated words
(5 times)         (10 times)
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Corporation, 2006).  The words were randomized in both phases for 
each participant to minimize unwanted order effects.  In order to 
ensure that all the participants paid attention to all the stimuli, they 
were asked to indicate whether the words in question included the /t/ 
sound on an accompanying form (This is also important to create the 
incidental learning condition).  After the study phase, the 
participants performed simple calculations for about 10 minutes to 
clear their short-term memory and to create an interval between the 
study and test phases of the experiment.  
     For the test phase, the participants repeated spoken stimuli as 
quickly as possible40 (Onishi, Chambers, & Fisher, 2002), including 
both those already presented in the study phase and new words.  
Their productions were auditorily recorded.  Note that before the 
experiment started in the study and test phases, the participants 
were instructed to practice with three auditory words.   
     As shown in Figure 4.2., both Test 1 and Test 2 are anuditory 
repetition task.  Underlined words are presented in the study phase.  
Their productions from the test phase were recorded using the 
audio-processing software Audacity 1.3.12 (Mazzoni & Dannenberg, 
2010) with a sampling rate of 44kHz.  The whole experiment lasted 
approximately 30 minutes; it was conducted in a quiet room.    
     One week later, the same participants took the same test (Test 
2).  The productions were auditorily recorded.  The native speakers 
of English were asked to repeat 36 auditory word stimuli as well as to 
read them aloud from the list.   The native speakers’ productions 
were recorded using the audio-processing software Audacity 2.0.5 
                                                      
40 According to Ellis (2008), learners’ implicit knowledge of specific 
linguistic features can be measured by oral imitation.  
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(2013) with a sampling rate of 44kHz. 
 
Figure 4.2. This illustration depicts the example of the sequence of 
events conducted in the experiment.  
4 .2 .4 .5  Analysis  
     Only the words repeated correctly by the participants were used: 
those with incorrect repetitions in Test 1 (13%) or Test 2 (11%) (e.g., 
“religious,” “enormous,’ “facility,” and “condemn”) was excluded from 
the analysis.  The measurement of pronunciation was done on 
spectrograms created with the speech analysis software WaveSurfer 
1.8.5 (Centre for Speech Technology, 2011).   
     The repetitive effect was examined by analyzing the duration 
ratio of schwa to a stressed vowel and F1 and F2 in all the words 
produced in Tests 1 and 2 and then comparing it among unrepeated 
words, 5-time repetition words or 10-time repetition words. 
     Regarding the duration ratio, Japanese learners of English tend 
to produce high duration ratios (closer to 1.0) due to the transferal of 
Japanese mora-timed rhythm, in which each mora is of an 
approximately equal length.  If the ratio in repeated words is 
significantly smaller than that in unrepeated words and also 
approaches native ratios, it can be assumed that a repetitive practice 
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effect is obtained. 
     In Japanese participants’ production, relatively higher F1 and 
lower F2 values of schwa are expected, being closer Japanese full 
vowels.  If the F1 and F2 in repeated words become significantly 
lower/higher than that in unrepeated words, directing towards native 
norms, it can be said that repetitive practice effect is obtained.  Note 
here that for the acoustic analysis of the quality aspect, all the 
formant values were normalized to one female native speaker, 
referring to the average F3 of [e] in ‘lesson’, ‘special’, ‘correct’, ‘agenda’ 
and ‘attend’ (see Lee, Guion, & Harada et al., 2006).  The mean F3 of 
this speaker was taken as the norm and was divided by the mean F3 
for each participant.  Then, the formants for each speaker including 
Japanese and English speakers, were multiplied by the factor derived 
from their own F3.  
4 .2 .5  Results  and Discussion  
     This section provides the results and discussion on the duration 
ratio and quality of the initial and final schwas.  Separate analyses 
were conducted for the initial and final schwas because their acoustic 
characteristics are intrinsically different41 in terms of duration ratio 
and quality.   
 
4 .2 .5 .1  Duration rat io   
Init ial  Schwa 
     Table 4.5 shows the descriptive statistics for the duration ratios 
                                                      
41 The duration ratio of the initial schwa is generally smaller than that of 
the final schwa (see Wallace, 1994). The F1 and F2 values of the initial 
schwa are open-mid to closed-mid, whereas those of the final schwa are 
likely to be articulated at open-mid central in a vowel space (Cruttenden, 
2014, p. 148). See also Flemming and Johnson (2007). 
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of the initial schwa in Test 1 (10 minutes later, henceforth, 10 
minutes) and Test 2 (1 week later, henceforth, 1 week).  These are 
also plotted in Figure 4.3. 
 
Table 4.5  
Mean duration ratios of initial schwa (ms) for unrepeated and 
repeated words (5, 10 times) as a function of Position and Familiarity 
in Test 1 (10 minutes) and Test 2 (1 week) 
 
 
 
 
Note. “Initial” refers to the initial schwa. “High” and “low” indicate 
word familiarity.  
 
 
Figure 4.3. Mean duration ratios for initial schwas in Test 1 (10 
minutes) and Test 2 (1 week).  Since the significant effect of word 
familiarity on the pronunciation improvement was not observed, the 
factor of word familiarity is not included in the rest of figures as well 
as this figure. 
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    High     Low
Test 1 (10min.)
Unrepeated 0.46 (0.17)  0.45 (0.20)
5 times 0.36 (0.12)  0.39 (0.15)
10 times 0.38 (0.11)  0.37 (0.18)
Test 2 (1 week)
Unrepeated 0.45 (0.17) 0.39 (0.29)
5 times 0.39 (0.17) 0.37 (0.45)
10 times 0.38 (0.11) 0.39 (0.41)
Native speakers 0.37 (0.11) 0.40 (0.13)
Initial
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     A three-way ANOVA, with Repetition (unrepeated, repeated 5 
times, repeated 10 times), Familiarity (high, low), and Interval (10 
minutes, 1 week) as factors, was conducted for the duration ratio of 
the initial schwa in Tests 1 and 2.  The results yielded a significant 
main effect only for Repetition, p < .05, η2p = 0.028.  No significant 
main effects were found for Familiarity, p = .532, η2p = 0.01 or 
Interval , p = .647, η2p = 0.001, and no interactions were found (Table 
4.6).    
Table 4.6  
Results of three-way ANOVA on Interval, Repetition, and Familiarity 
for the duration ratio of the initial schwa 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
     The main effect of Repetition reveals that the duration ratios 
derived during the 5 and 10 repetitions were significantly smaller 
than the duration ratios obtained in the unrepeated condition, p = .01, 
d = .038 (a small-sized effect )and p = .012, d = .036 (a small-sized 
effect).  This result suggests that repetition effects occurred in each 
repetition condition, irrespective of the data elicitation timing (10 
minutes or 1 week).  Taken together, the significant difference in 
duration ratios between the repeated and unrepeated conditions and 
SS df MS            Test
Interval 0.006 1 0.006 F = .209, p = .647
Repetition 0.272 2 0.136 F = 5.029, p =.007
Familiarity 0.011 1 0.011 F = 0.392,  p =.532
Interval  × Repetition 0.055 2 0.028 F = 1.022, p =.361
Inverval × Familiarity 0.013 1 0.013 F = 0.465, p =.496
Repetition�× Familiarity 0.038 2 0.019 F = 0.705,  p =.495
Interval  × Familiarity  × Repetition 0.025 2 0.012 F = 0.458,  p =.633
Error 0.296 344 0.027
Total 70.776 356
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the absence of a significant difference in duration values between the 
two intervals (10 minutes and 1 week) indicate that the practice effect 
(smaller duration ratio) obtained in the 5 and 10 repetitions in Test 1 
(10 minutes) remained unchanged for 1 week for the duration ratio of 
the initial schwa.  This result suggests that a repetition effect 
occurred.  
Final  Schwa 
     Table 4.7 shows the descriptive statistics for the duration ratios 
of the final schwa in Tests 1 and 2 (10 minutes and 1 week, 
respectively).  The statistics are also illustrated in Figure 4.4. 
 
Table 4.7  
Mean duration ratios of final schwa (ms) for unrepeated and repeated 
words (5, 10 times) as a function of Position and Familiarity in Test 1 
(10 minutes) and Test 2 (1 week) 
 
 
 
 
 
Note. “Final” refers to the final schwa.  “High” and “low” indicate 
word familiarity.  
    High     Low
Test 1 (10min.)
Unrepeated 0.72 (0.18) 0.78 (0.27)
5 times 0.53 (0.10) 0.62 (0.14)
10 times 0.59 (0.13) 0.53 (0.12)
Test 2 (1 week)
Unrepeated 0.67 (0.16) 0.71 (0.19)
5 times 0.71 (0.19) 0.55 (0.18)
10 times 0.69 (0.17) 0.65 (0.18)
Native speakers 0.61 (0.32) 0.54 (0.13)

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Figure 4.4. Mean duration ratios for final schwas in Test 1  
(10 minutes) and Test 2 (1 week).  
     The data on the duration ratio of the final schwa in Tests 1 and 2 
were submitted to a three-way ANOVA, with  Repetition (unrepeated, 
repeated 5 times, repeated 10 times), Familiarity (high, low), and 
Interval (10 minutes, 1 week) treated in the same manner as that 
done in the analysis of the initial schwa.  The results yielded a 
significant effect of Repetition, p = .000, η2p = 0.081 but no significant 
effects of Familiarity, p = .625, η2p = 0.01 and Interval,  p = .182, η2p = 
0.007.  Significant two-way interactions were also found (Table 4.8 )   
Table 4.8 Results of a three-way ANOVA on Interval, Repetition, and 
Familiarity for the duration ratio of the initial schwa 
 
 
 
 
Note. SS = sum of squares, df = degrees of freedom,  
MS = mean squares, Test = statistical analysis results. 
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SS df MS            Test
Interval 0.062 1 0.062 F = 1.792 , p = .182
Repetition 0.731 2 l365 F = 10.615 , p = .000
Familiarity 0.008 1 0.008 F = 0.240, p = .625
Interval  × Repetition 0.346 2 0.173 F = 5.026, p = .007
Inverval × Familiarity 0.104 1 0.104 F = 3.015, p =.084
Repetition�× Familiarity 0.13 2 0.065 F = 1.889, p =.153
Interval  × Familiarity  × Repetition 0.152 2 0.076 F = 2.210 ,  p =.112
Error 8.295 241 0.034
Total 123.107 253
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A follow-up to this interaction, determined by a two-way ANOVA, 
yielded a significant Interval and Repetition interaction effect, p < .05, 
η2p = 0.04 and significant main effects of Repetition, p = .001 and 
Interval, p = .05.  A post-hoc test revealed significant differences 
between the unrepeated and 5-repetition conditions in Test 1 (10 
minutes), p = .01, d = 0.96 (a large-sized effect) and between the 
unrepeated and 10-repetition conditions in the same test (10 minutes), 
p = .000, d = 0.97(a large-sized effect).    
     The duration ratios in the 5- and 10-repetition conditions in Test 
1 were significantly smaller than that in the unrepeated condition, 
thus approaching the native norm.  These findings reveal that the 
participants’ pronunciation improvement through the repetitions was 
confirmed right after the practice (i.e., in Test 1: 10 minutes).  
     The other post-hoc test showed significant differences between 
the duration ratio in the 5-repetition condition in Test 1 (10 minutes) 
and that in Test 2 (1 week), p = .038, d = 0.55 (a medium-sized effect), 
as well as significant differences between the duration ratio in the 
10-repetition condition in Test 1 (10 minutes) and that in Test 2 (1 
week), p = .015, d = .080 (a large-sized effect).  Under both 5 and 10 
repetitions, the duration ratios (0.53–0.65) in Test 2 were 
significantly larger than those (0.56–0.57) in Test 1, thereby 
deviating from the native norm.  The phonetic characteristics of the 
longer duration of schwa suggest that schwa pronunciation more 
strongly resembled pronunciation of a full vowel 1 week after the 
practice.  In this instance, the pronounced sound was likely a low 
vowel [a] or [o], which is typically characterized by a long duration.  
This attribution is evaluated as sound given that the target schwa 
appears as <a>, <o>, or <ou> in this study.  Moreover, the tendency 
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of higher duration ratios in Test 2 (1 week) probably reflects the 
Japanese mora-timed rhythm, wherein the syllables are 
psychologically equal in length (e.g., Trubetzkoy, 1939; Hattori, 1960; 
Otake et al., 1993; Cutler & Otake, 1994).  
     In summary, the findings demonstrate that the participants 
benefited from the 5 and 10 repetitions of auditory words in Test 1 (10 
minutes) in terms of duration ratio.  Nevertheless, this effect 
significantly decreased in Test 2 (1 week), suggesting that the 
repetition effects gained in Test 1 did not persist for a week.   
Summary of  f indings for  duration rat io   
     One of the objectives of Experiment 1 was (1) to determine 
whether Japanese learners of English improve their duration ratio 
with the immediate repetition of auditory words.  If this is the case, 
how do word familiarity (high vs. low), position of schwa within a 
word (initial vs. final syllable), and number of repetitions (5 vs. 10) 
influences the improvement in schwa pronunciation? The experiment 
was also designed (2) to investigate whether the effect of repetitive 
practice with auditory words lasts at least a week.  The major 
findings are as follows: 
! Overall findings 
     For the initial schwa, the repetition effect observed in the 
duration ratios under 5 and 10 repetitions in the 10-minute 
interval lasted for a week.  For the final schwa, the repetition 
effect observed under the same conditions did not persist as long, 
with the effect becoming worse in 1 week than that observed in 
the 10-minute condition. 
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! Word familiarity 
     As previously stated, no effect was exerted by word 
familiarity, which also exhibited no interaction with repetition; 
repetition exhibited a significant effect both in the initial and 
final schwas.  These results suggest that the participants 
benefited from the repetition effect to the same degree because of 
repeated exposure to both high- and low-familiarity words.  In 
other words, word familiarity (high, low) did not affect learners’ 
sensitivity to repeated L2 phonological information.  Obtaining 
the repetition effect from non-familiar words, for which semantic 
information is unavailable, suggests that the repetition effect can 
be attributed to learning by the extraction of “pure” acoustic 
information from presented auditory words (Murao & Sasaki, 
2008).   
! Number of repetitions 
     The statistical analyses for the initial and final schwas 
showed no significant differences in mean duration ratios 
between the 5- and 10-repetition conditions.  In the conditions 
wherein the repetition effect was observed (all the conditions, 
except for the final schwa in Test 2), the participants required at 
least 5 spoken repetitions of words to improve their pronunciation 
of schwa and reach the native norm.  Note that for the final 
schwa in Test 2 (1 week), the duration ratio in the 10-repetition 
condition is numerically larger than that in the 5-repetition 
condition, thus deviating farther from the native norm.  This 
finding implies that a repetition higher than 5 would not have 
positively influenced the acquisition of the target sound (or the 
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persistence of the repetition effect).  Previous studies also 
demonstrated that the performance of Japanese learners of 
English reaches maximum improvement42  at around the fifth 
(Hori, 2008) or tenth (Miyake, 2009b) instances out of 15 
repetitions.  Taken together, the results point to the unlikely 
possibility that the number of repetitions is correlated with the 
degree of prosodic improvement in L2 pronunciation (pitch range 
or duration ratio).  This non-correlation may be attributed to 
extra-linguistic factors, such as attentional or motivational 
constraints.   
! Schwa positions (stress patterns) and the persistence of the 
repetition effect 
     For the initial schwa, the repetition effect obtained in the 5- 
and 10-repetition conditions in Test 1 (10 minutes) was 
maintained for a week; the opposite was found for the final schwa.  
These interesting findings give rise to a question regarding the 
relationship between schwa position (stress pattern) and the 
persistence of the repetition effect: Why did the repetition effect 
persist for 1 week only for the initial schwa, which is supposed to 
be a less-common stress pattern (weak–strong pattern)43 among 
Japanese speakers, and not for the final schwa, which is 
considered a common stress pattern (strong–weak pattern) among 
the participants?  The factors potentially responsible for this 
phenomenon are explained in the succeeding section. 
 
                                                      
42 This improvement is not due to the ceiling effect. 
43 See Chapter 2 (Section 2.3) and Chapter 3. 
  160 
Discussion on duration rat io  
! Greater repetition effect on less common stress patterns       
     In the current study, there was a greater repetition impact 
on weakly known structures (a stress pattern).  There are two 
plausible explanations.  First, as reviewed earlier, the 
phonological encoding theory might account for the current 
finding.  Researchers maintain that when a stress pattern 
differs from the default rule, it is expected to be stored in the 
mental lexicon, with a priming effect occurring in the irregular 
pattern (Levelt, Roelofs, & Meyer, 1999).  In a less common 
stress pattern (weak–strong pattern), which is considered to be an 
irregular stress pattern for Japanese speakers, Japanese 
participants obtained a greater effect of repetition.  Nonetheless, 
further studies from this perspective of L2 phonological encoding 
and representation are still needed because L1 phonological 
researchers have not achieved a consensus on which stress 
patterns produce a strong repetition effect (priming) and whether 
stress patterns are stored in a lexicon (Levelt et al., 1999; Miceli 
& Caramazza, 1993; Schiller et al., 2004). 
      Second, these findings can be supported by formal theories 
of learning (e.g., Rescorla & Wagner, 1972), which hypothesized a 
greater impact of increased learning practice on less familiar 
linguistics material.  Many earlier researches on production 
priming (e.g., Hartsuiker & Westenberg, 2000; Luka & Barsalou, 
2005; Luka & Choi, 2012; Reitter, Keller, & Moore, 2011; 
Scheepers, 2003) have supported the theories.  More importantly, 
Luka and Choi’s (2012) study on the persistent effect of structural 
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priming indicates that for a novel structure (i.e., less familiar 
linguistics material), the effect lasts for a week. ? The authors 
maintain that “incremental adjustments to the language 
processing system occur on a continuous basis and may extend to 
acquisition of novel syntactic structures.”  This argument 
suggests that less-common structures are gradually represented 
in a lexicon and become linguistic knowledge (competence). 
     Although the discussed structural priming studies focused 
neither on learners’ sensitivity to the auditory information of 
encountered words nor on word stress patterns, their findings 
serve as strong scaffolds from which to understand the present 
results, given that both syntactic and stress patterns are 
characterized by structural systems (i.e., regular and exceptional 
patterns).     
     The non-persistent effect observed for the final schwa in the 
current work should be noted.  Generally, an L2 accent (incorrect 
pronunciations) is deeply ingrained in phonological 
representation; it is unlikely to change with only an implicit 
(repetition) approach (Derwing, Munro, Foote, Waugh, & Fleming, 
2014).  This factor is perhaps responsible for the fact that after 
1-week interval, the participants may have relied on their 
existing interlanguage phonological representations in their 
efforts to pronounce schwa. 
! Generalization to the novel words 
     Interestingly, contrary to the repeated words in which the 
repetition effect occurred right after the study (10 min.), in novel 
words (i.e., unrepeated words) with low familiarity and initial 
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schwa, which are less common words to Japanese learners of 
English in duration, the repetitive effect became evident after 1 
week.  More specifically, the duration ratio in Test 1 (10 min.) 
was 0.45, but it became numerically better (0.39) in Test 2 (1 
week).  It did not significantly differ from those of repeated words 
(0.37 for 5-time repetition; 0.39 for 10-time repetition) when the 
native norm was 0.4.  This might be evidence that the effect of 
learning in the study phase was gradually generalized to 
unrepeated words over a week.   
     This finding can be explained from the perspective of 
“memory consolidation.”  This term traditionally refers to a 
process in which a memory becomes increasingly stabilized as 
time passes (McGaugh, 2000).  This phenomenon is particular to 
procedural memory, which requires repetitive training (e.g., 
perceptual or motor processing), but not to declarative memory 
(Walker & Stickgold, 2006).  This theory has been extensively 
discussed in the field of motor skill learning; this suggests that, 
right after the training, the consolidation of the memory of the 
skills is still weak, but, after a certain period, the repetitive 
training effect becomes stable (e.g., Karni et al. 1994).  In 
cognitive skills, recently the research on learning new spoken 
words has paid attention to the consolidation from the perspective 
of the cognitive and neural processes (e.g., Davis & Gaskell, 2009; 
Dumay & Gaskell, 2012; Henderson, Powell, Gaskell, & Norbury, 
2014). 
     The generalization to novel words (unrepeated words) is 
crucial in language learning, and the finding in the current study 
should not be overlooked.  The further experiments carefully 
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designed to investigate in what conditions the generalization to 
novel words occur and what the relationship between the 
generalization and memory consolidation might pave the way to 
more effective pronunciation learning from the perspective of the 
processing in memory. 
 
4 .2 .5 .2  Qual ity :  F1 values  
Init ial  Schwa 
     Table 4.9 and Figure 4.5 illustrate the descriptive statistics for 
the F1 of the initial schwa in Tests 1 and 2 (10 minutes and 1 week, 
respectively). 
Table 4.9 
Mean F1 of initial schwa (ms) for unrepeated and repeated words (5, 
10 times) as a function of Position and Familiarity in Test 1 (10 
minutes) and Test 2 (1 week) 
 
 
 
 
Note. “Initial” indicates the initial schwa.  “High” and “Low” indicate 
word familiarity.  
 
 
 
    High     Low
Test 1 (10min.)
Unrepeated      606 (179) 627(188)
5 times      629 (181) 603 (122)
10 times      605 (175) 674 (171)
Test 2 (1 week)
Unrepeated     609 (141) 593(166)
5 times     614 (141)  599 (160)
10 times     620 (176)  634 (192)
Native speakers     490 (98) 507(137)
Initial
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Figure 4.5. Mean F1 values of initial schwas: 10 minutes vs. 1 week. 
Since the significant effect of word familiarity on the pronunciation 
improvement was not observed, the factor of word familiarity is not 
included in this figure.  
     The data on the F1 of the initial schwa in Tests 1 and 2 were 
subjected to a three-way ANOVA, with Repetition (unrepeated, 
repeated 5, repeated 10 times), Familiarity (high, low), and Interval 
(10 minutes, 1 week) as factors.  The result yielded no significant 
main effects of Repetition, p = .556, η2p = 0.004, Familiarity, p = .700, 
η2p = 0.00) and Interval, p = .543, η2p = 0.001.  Similarly, no 
significant interactions were found (Table 4.10).  
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Table 4.10  
Results of a three-way ANOVA on Interval, Repetition, and 
Familiarity for the F1 values of the initial schwa 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
     These findings indicate that no improvement in the F1 value of 
the initial schwa occurred in Tests 1 and 2, demonstrating that the F1 
values of the initial schwa were generally higher than the native 
norm.  Thus, immediate repetition (5 or 10 times) with auditory 
words did not contribute to pronunciation improvement.  
 
Final  Schwa 
     Table 4.11 shows the descriptive statistics for the F1 values of 
the final schwa in Tests 1 and 2.  The values are also plotted in 
Figure 4.6.  
 
 
 
 
SS df MS            Test
Interval 10497.976 1 10497.976    F = .371   p = .543
Repetition 33310.815 2 16655.408    F = .588   p = .556
Familiarity 4219.688 1 4219.688    F = .149   p = .700
Interval  × Repetition 533.297 2 266.648    F = .371   p = .543
Inverval × Familiarity       F = .009   p = .991
Repetition�× Familiarity 38227.787 2 19113.894    F = .675   p = .510
Interval  × Familiarity  × Repetition 11881.864 2 5940.932    F = .210   p = .811
Error 8692263.756 307 28313.563
Total 130163565.772 319
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Table 4.11  
Mean F1 of final schwa (ms) for unrepeated and repeated words (5, 10 
times) as a function of Position and Familiarity in Test 1 (10 minutes) 
and Test 2 (1 week) 
 
 
 
 
Note. “Final” stands for the final schwa.  “High” and “low” indicate 
word familiarity.  
 
 
Figure 4.6. Mean F1 values of final schwas: 10 minutes vs. 1 week.  
     The three-way ANOVA (with Repetition, Familiarity, and 
Interval as factors) for the F1 value of the final schwa was conducted 
in the same manner as that completed for the F1 value of the initial 
schwa.  This analysis yielded no significant main effects of 
Repetition, p = .591, η2p = 0.004, Familiarity, p = .720, η2p = 0.00, and 
Interval, p = .816, η2p = 0.001.  No significant interactions were 
found (Table 4.12 ).   
647 653 
688 
663 671 673 
479 479 
400 
500 
600 
700 
800 
10 min 1 week 
F1
 (H
z)
 F
in
al

Unrepeated 
5 times 
10 times 
NS 
    High     Low
Test 1 (10min.)
Unrepeated   654 (254)    640 (173) 
5 times   674 (171)    701 (167) 
10 times   666 (170)    675 (170) 
Test 2 (1 week)
Unrepeated  672 (154) 633 (142)
5 times 649 (162) 677 (137)
10 times 653 (124) 692 (155)
Native speakers 577 (144) 586 (128)

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Table 4.12 
Results of a three-way ANOVA on Interval, Repetition, and 
Familiarity for the F1 value of the final schwa 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
 
     As with the results on the initial schwa, these findings reveal 
that no improvement in the F1 value of the final schwa occurred in 
Tests 1 and 2, indicating that immediate repetition (5 or 10 times) 
with auditory words did not facilitate improvement in final schwa 
pronunciation.  Again, the F1 values of the final schwa produced by 
the Japanese participants tended to be higher than the native norm.  
 
4 .2 .5 .3  Qual ity :  F2 values  
Init ial  Schwa 
     Table 4.13 displays the descriptive statistics for the F2 values of 
initial schwa for Test 1 (10 minutes) and Test 2 (1 week).  Figure 4.7 
illustrates the values in graph form. 
 
 
SS df MS            Test
Interval 1775.875 1 1775.875    F = 0.540, p = .816
Repetition 34546.285 2 17273.142    F = 0.528 , p = .591
Familiarity 4222.009 1 4222.009    F = 0.129 , p = .720
Interval  × Repetition 9907.638 2 4953.819    F = 0.515 , p = .860
Inverval × Familiarity 60.789 1 60.789    F = 0.002 , p = .966
Repetition�× Familiarity 42953.167 2 21476.583    F = 0.656 , p = .520
Interval  × Familiarity  × Repetition 8364.149 2 4182.075    F = 0.128 , p = .880
Error 8542137.752 261 32728.497
Total 128496619.308 273
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Table 4.13  
Mean F2 of initial schwa (ms) for unrepeated and repeated words (5, 
10 times) as a function of Position and Familiarity in Test 1 (10 
minutes) and Test 2 (1 week) 
 
 
 
 
 
Note. “Initial” stands for the initial schwa. “High” and “low” indicate 
word familiarity.  
 
 
Figure 4.7. Mean F2 values of initial schwas: 10 minutes vs. 1 week.  
     The data on the F2 value of the initial schwa in Tests 1 and 2 were 
submitted to a three-way ANOVA, with Repetition (unrepeated, 
repeated 5 times, repeated 10 times), Familiarity (high, low), and 
Interval (10 minutes, 1 week), as factors.  The analysis was conducted 
in the same manner as that done for the F1 values.  The result yielded 
a significant main effect only for Interval, p = .047, η2p = 0.013.  No 
significant main effects were found for Repetition, p = .855, η2p = 0.001 
and Familiarity, p = .070, η2p = 0.011, and no interactions were 
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    High     Low
Test 1 (10min.)
Unrepeated 1680 (444) 1610 (408)
5 times 1590 (307) 1600 (307)
10 times 1627 (362) 1500 (348)
Test 2 (1 week)
Unrepeated 1520 (278) 1384 (425)
5 times 1570 (282) 1539 (481)
10 times 1597 (347) 1455 (374)
Native speakers  1828 (475) 1705 (313)
Initial
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obtained (Table 4.14) .    
Table 4.14  
Results of a three-way ANOVA on Interval, Repetition, and 
Familiarity for the F2 value of the initial schwa 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
     The main effect of Interval suggest that the mean F2 values of the 
final schwa in Test 2 was significantly lower than that in Test 1, 
showing that the performance in terms of the F2 value of the initial 
schwa worsened 1 week after the practice.  Additionally, the absence 
of a significant difference between the repeated and unrepeated 
conditions suggests that a repetition effect did not occur.  The F2 value 
of the initial schwa produced by the participants was lower than the 
native norm.  Taken together, these findings indicate that the F2 
value of the initial schwa was not improved by the repetition.   
 
 
 
 
SS df MS            Test
Interval 568427.039 1 568427.039    F = 3.959, p = .047
Repetition 45065.911 2 22532.955    F = 0.157 , p = .855
Familiarity 475544.548 1 475544.548    F = 3.312 , p = .070
Interval  × Repetition 450796.886 2 225398.443    F = 1.570 , p = .210
Inverval × Familiarity 27778.952 1 27778.952    F = 0.193 , p = .660
Repetition�× Familiarity 167326.755 2 83663.378    F = 0.583 , p = .559
Interval  × Familiarity  × Repetition 8535.092 2 4267.546    F = 0.300 , p = .971
Error 44073288.870 307 143561.202
Total 828789218.256 319
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Final  Schwa 
     Table 4.15 shows the descriptive statistics for the F2 values of 
the final schwa in Tests 1 and 2.  Figure 4.8 plots the values. 
Table 4.15  
Mean F2 of final schwa (ms) for unrepeated and repeated words (5, 10 
times) as a function of Position and Familiarity in Test 1 (10 minutes) 
and Test 2 (1 week) 
 
 
 
 
 
 
Note. “Final” stands for the final schwa.  “High” and “low” indicate 
word familiarity.  
 
 
Figure 4.8. Mean F2 values of final schwas: 10 minutes vs. 1 week.  
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    High     Low
Test 1 (10min.)
Unrepeated 1731 (315) 1570 (302)
5 times 1894 (342) 1759 (257)
10 times 1800 (233) 1822 (437)
Test 2 (1 week)
Unrepeated 1765 (303) 1611 (304)
5 times 1796 (367) 1803 (368)
10 times 1759 (341) 1660 (280)
Native speakers 1807 (201) 1909 (286)

  171 
SS df MS            Test
Interval 51885.561 1 51885.561    F = 0.498, p = .481
Repetition 930953.680 2 465476.840    F = 4.466, p = .012
Familiarity 430184.485 1 430184.485    F = 4.128 , p = .043
Interval  × Repetition 214643.023 2 107321.512    F = 1.303 , p = .359
Inverval × Familiarity 1172.333 1 1172.333    F = 0.011, p = .916
Repetition�× Familiarity 183268.884 2 91634.442    F = 0.879 , p = .416
Interval  × Familiarity  × Repetition 135966.564 2 67983.282    F = 0.652 , p = .522
Error 27202085.846 261 104222.551
Total 859399436.279 273
The data on the F2 values of the final schwa in Tests 1 and 2 were 
submitted to a three-way ANOVA, with Repetition, Familiarity, and 
Interval as factors.  The analysis was identical to that performed for 
the F2 initial schwa.  The result yielded significant main effects of 
Repetition, p = .012, η2p = 0.033 and Familiarity, F (1, 261) = 4.128, p 
= .043, η2p = 0.016, but no significant main effect of Interval, F (1, 261) 
= .498, p = .481, η2p = 0.002.  No interactions were obtained (Table 
4.16).   
Table 4.16 
Results of a three-way ANOVA on Interval, Repetition, and Familiarity 
for the F2 value of the final schwa 
 
 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
     The post-hock test showed significant differences in the F2 value 
of the final schwa only between the no-repetition and 5-repetition 
conditions, p = .020, d = 0. 40 (a small-sized effect).  
     The findings on the main effect of Repetition suggest that the 
overall F2 values of the final schwa under 5 repetitions were 
significantly higher than those under no repetition, with the value 
close to the native norm.  The absence of a significant effect of 
Interval suggests that no difference occurred between the 10-minute 
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and 1-week intervals.  In summary, a repetition effect occurred for 
the F2 values of the final schwa under 5 repetitions (but not under 10 
repetitions), regardless of the timing of the tests (10 minutes or 1 
week).  This result indicates that the effect observed in Test 1 (10 
minutes) lasted for a week under the 5-repetition condition.  
     As with the tendency of the participants’ production in terms of 
the F2 values of the final schwa, the F2 values of the initial schwa in 
the unrepeated condition was lower than the native norm; the values 
were higher in the repeated condition and therefore close to the native 
norm.  These results indicate that the participants’ articulation 
point of schwa shifted from a central position to a more frontward 
location in the vowel space because of the repetitive training.  As 
reviewed in Chapter 1, the F2 values of schwa vary in accordance with 
its neighboring consonants because of assimilation to the place of 
articulation; F2 values are likely to be higher (i.e., roughly 1600–1800 
Hz) (Kondo, 1994) in the adjacent consonants that are coronal (e.g., /s/, 
/t/, /d/, /r/) or dorsal (e.g., /k/, /g/) in nature.  In the word stimuli used 
in the present study, the preceding consonants of the final schwa are 
mostly coronal (e.g., ‘lesson,’ ‘aganda,’ ) or dorsal (e.g., ‘Agust,’ 
‘reckon’) (78%).  This feature suggests that by intensively listening 
to and immediate repeating the target sounds, the participants could 
imitate target-like articulation.  
 
Summary of  f indings for  schwa qual ity    
     As previously mentioned, the purposes of Experiment 1 were (1) 
to investigate whether Japanese learners of English improve the 
quality of schwa pronunciation with intensive auditory repetition and 
(2) to determine whether the effect of repetitive practice with auditory 
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words persists for a week.  If pronunciation quality improves, how do 
word familiarity, position of schwa within a word, and the number of 
repetitions affect the pronunciation improvement of schwa?  The core 
findings are as follows: 
! Overall findings  
For F1, both in the initial and final schwas, repetition effects were 
not observed.  As for F2, a repetition benefit occurred only in the 
final schwa under 5 repetitions in the 10-minute interval after the 
practice.  This effect also lasted for a week.  
! Word familiarity 
As in the duration ratio, no familiarity effect occurred for schwa 
quality. 
! Schwa positions (stress patterns) and number of repetitions 
These factors appeared to be related to the sustained occurrence 
of the repetition effect.  An interesting finding is that contrary to 
the duration ratio, the participants benefited from auditory word 
repetition and sustained the repetition effect for a week in terms 
of the final schwa (strong–weak stress pattern) only under the 
5-repetition condition.  The possible cause of this phenomenon is 
explored in the Discussion section.  
 
     Note that compared with the findings on the effect of repetition 
on duration ratio, those on quality reflected no significant influence of 
auditory word repetition, except for the F2 value of the final schwa.  
The relatively higher value of F1 and lower value of F2 (except in the 
final schwa) in the participants’ production, compared with the native 
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norm, were closer to those of the Japanese low vowel [a] or [o], as 
previously stated.  These findings suggest that because schwa is 
spelled as <a>, <o>, and <ou> in the word stimuli, the participants 
may have pronounced it by reflecting the one-to-one grapheme–
phoneme correspondence in their phonological representations.  A 
question may arise as to why pronunciation can be affected by 
orthography in a test where orthography is not provided.   
     This question can be addressed by Young-Scholten and 
Archibald’s (2000) argument.  The authors stated that adult learners 
in a foreign language learning context are likely to have contact with 
written L2 words from the beginning of learning and are thus 
expected to possess orthographic representations for words that they 
have already stored in their lexicon.  Given this situation, such 
learners tend to access written input and rely on these orthographic 
representations to pronounce words (or to speak in a target language), 
even when written input is unavailable.  In addressing this issue, 
the mere repetition of auditory words is only minimally effective in 
improving schwa quality, suggesting that the participants were 
unable to sufficiently encode the phonetic information available in the 
auditory input. 
 
Discussion of  schwa qual ity   
     Returning to the question addressed in the preceding section, 
explaining the finding that only the F2 value of the final schwa under 
5 repetitions reflected a repetition effect is somewhat challenging 
because this finding contradicts the persistent effect found in the 
duration ratio: the repetition effect was manifested in the initial 
schwa (less-common stress pattern).    
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    This result can be attributed to the characteristics of the final 
schwa.  As argued by Flemming and Jonson (2007), the quality of the 
final schwa is intrinsically closer to a full vowel than that of the 
initial schwa.  Therefore, Japanese speakers, whose language does 
not have a central vowel, can easily articulate this type of schwa.  An 
issue that remains unclear, however, is why the repetition effect was 
observed only in F2 and not in F1.  Tomita, Yamada, and Takatsuka 
(2009) reported that Japanese learners with sufficient English 
abilities are likely to exhibit unstable schwa in terms of quality.  In 
their study, a learner produced a target-like schwa in terms of F1 but 
not in terms of F2, while another participant exhibited the opposite 
pattern.  Further studies with participants of different English 
proficiencies and longitudinal research are necessary. 
 
4 .2 .6  Chapter  4 .2  Conclusion and Further  Study 
     In conclusion, we summarize the overall findings of Experiment 
1 and provide the limitations that need further studies.  
 
4 .2 .6 .1  Summary of  f indings 
     Experiment 1 was especially concerned with the questions of how 
amount of input (5 and 10 repetitions) and quality of input (high/low 
familiarity, initial/final schwa) influence a learner’s absorption of 
phonetic/phonological information of presented auditory words and 
facilitate pronunciation learning.  The experiment was also concerned 
with the repetition effect that was obtained right after the practice (10 
minutes) and was preserved for a week.  Table 4.17 summarizes the 
findings of Experiment 1. 
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Table 4.17 
Summary of repetition effects for the duration ratio and quality of 
schwa as a function of position of schwa and tests  
 
Note. “Common” and “less common” indicate the common and 
less-common stress patterns among the Japanese speakers.  With 
regard to Test 1, the symbol “○” indicates the occurrence of the 
repetition effect (i.e., a significant difference between the phonetic 
value of schwa in the unrepeated and repeated words); otherwise, the 
symbol “×” is written.  As for Test 2, the symbol “○” is indicated if the 
repetition effect obtained in the 10-minute interval was confirmed a 
week after (i.e., no significant difference between the values obtained 
by the 5- or 10-repetition conditions in Tests 1 and 2); otherwise, the 
symbol “×” is indicated.  Number of repetitions and word familiarity 
are ineffective measures for obtaining repetition effects; these are 
omitted from the table.  
     The main findings of Experiment 1 in relation to each of the 
considered factors are provided below: 
(1) Amount of input (number of repetitions)  
With regard to the duration ratio, no difference was found in the 
repetition effect between the 5- and 10- repetition conditions.  
Note that in the final schwa, the duration ratio obtained under 10 
Position of schwa (stress pattern) Test 1 (10 min.) Test 2 (1 week)
Duration ratio Initial (weak-strong):  less common ○→ ○
Final (strong-weak) : common ○→ ×
F1 Initial (weak-strong):  less common × ×
Final (strong-weak) : common × ×
F Initial (weak-strong):  less common × ×
Final (strong-weak) : common ○ (5 repetitions)→ ○ (5 repetitions)
   Repetitive effect
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repetitions numerically deviated farther from the native norm 
than did the ratio elicited under 5 repetitions.  In terms of quality, 
a significant repetition effect occurred for the F2 value of the final 
schwa only in the 5-repetition condition.  The relationship 
between the number of repetitions and the facilitation of 
pronunciation improvement is likely unparallel, and only a 
repetition higher than 5 may negatively influence improvement.  
From a pedagogical viewpoint, determining the effective number of 
auditory word repetitions is meaningful in the pursuit of 
appropriate pronunciation teaching/learning of schwa.  
(2) Familiarity 
Overall, familiarity did not show a significant influence on the 
repetition effect on the pronunciation learning of schwa.  The fact 
that the participants benefited from low- and high-familiarity 
words suggests that they were able to genuinely use acoustic 
information to improve their production of the target sound.  
(3) Positions of schwa (word stress patterns) and persistence   
Interestingly, schwa positions (word stress patterns) appeared to 
be related to the persistence of the repetition effect.  With respect 
to the duration ratio, the effect was observed in both the initial 
and final schwas under the 10-minute interval.  A week later, 
however, repetition effectiveness was observed only in the initial 
schwa, which is an exceptional pattern to Japanese speakers.  
This finding suggests that an uncommon stress pattern may be 
more strongly encoded and stored than a common one. 
     With regard to vowel quality, in contrast to the duration 
ratio, the F2 value of the final schwa, which is a common stress 
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pattern for the Japanese participants, exhibited a persistent effect 
(1 week), which was exclusive to the aforementioned value.  
These asymmetric findings may be attributed to how the 
information of such phonetic features is stored in a mental lexicon 
and/or encoded in speech production: The duration ratio is 
involved in metrical structures accompanying regular and 
irregular patterns (rules), whereas schwa quality is related to the 
phoneme information and/or movements of articulators, which do 
not have such patterns.  
     In relation to the position of schwa within a word, the issue 
of whether Japanese learners can overcome the difficulty of 
pronouncing schwa in the initial syllable of a word (iambic stress 
pattern) in terms of duration ratio was raised and discussed in the 
Introduction section of Chapter 3.  Although the participants in 
Experiment 1 encountered problems in correctly pronouncing both 
the initial and final schwas (probably because of their lower 
English proficiency compared with the participants in the study 
described in Chapter 3), improved pronunciation of schwa in both 
positions was observed 10 minutes after the practice; as to the 
initial schwa, the participants benefited from the repetition even 
after 1 week.  These findings indicate the effectiveness of 
repetitive practice in rectifying the problematic aspects of 
Japanese leaners’ schwa production. 
(4) Generalization 
The most intriguing finding of this study is the generalization to 
the novel words (i.e., unrepeated words) with low familiarity and 
initial schwa that was observed 1 week after the study of the 
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durational aspect.  The findings may be explained by memory 
consolidation, which means that the consolidation of memory 
formed by repetition practice requires a certain period to become 
stabilized (McGaugh, 2000).  In other words, the information 
obtained from auditory input is gradually represented in the 
memory, leading to pronunciation that is more accurate. Further 
studies are necessary to explore this interesting aspect of language 
learning. 
 
4 .2 .6 .2  Limitat ion and further  study    
(1) Word familiarity 
Experiment 1 dealt mostly with high-frequency words for learners 
(3,000 high-frequency words listed in the BNC), even though the 
list included both high and low familiarity words.  Therefore, it 
cannot be denied that the learners’ previous knowledge 
(phonological representation) of words affected the results to some 
extent.  By using words with very low frequency or non-words as 
experimental stimuli, a more genuine repetitive effect of the 
repetitive practice with auditory words on the pronunciation can 
be revealed.  Thus, Experiments 2 and 3 employed words with 
very low frequency as stimuli.  
(2) Quality aspect of schwa  
Experiment 1 clearly showed increased repetition of auditory 
words enabled the Japanese learners of English to improve the 
English schwa in terms of the duration ratio.  However, it 
appeared that less improvement was observed in the quality 
aspect.  A further experiment in the present study should 
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investigate—while focusing on the quality instead of the quantity 
of input—how auditory information should be presented to draw 
the learners’ attention to the necessary information (i.e., input 
enhancement) for the learners to improve schwa quality 
(Experiment 3). 
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4 .3  Experiment 2 :  Effect  o f  Orthographic  Information on 
Pronunciat ion Improvement 
 
4 .3 .1  Introduction to  Experiment 2 
     The present study draws on the characteristics of language 
input, more specifically orthographic input.  Orthography is a crucial 
factor for L2 pronunciation learning.  It greatly affects the creation 
of L2 phonological knowledge in learners’ mental representations, 
which is the basis for L2 pronunciation (Bassetti, 2006).  In addition, 
written input is particularly influential for L2 learners who live in a 
country such as Japan, where the target language is minimally 
spoken and where the present study is focused. Because of 
considerable exposure to the written input in learning L2, learners 
are likely to depend on their knowledge of L1 spelling-sound 
correspondence rules in pronouncing L2 words (Bassetti, 2006; 
Young-Scholten & Archibald, 2000).  Furthermore, it has been 
argued that speakers with a background of L1 transparent 
orthographies may rely on orthographic forms more than those with 
an L1 opaque orthographic background (Erdener & Burnham, 2005). 
Particularly relevant to the Japanese language, the syllabary system 
of Japanese Kana (Katakana, Hiragana) has transparent 
orthographies, and Japanese speakers tend to extensively rely on 
orthographic input when both auditory and orthographic inputs are 
provided (Brown & Haynes, 1985; Koda, 1990).  Given the possible 
effects of L2 orthographic representations on L2 phonological 
representations, it is important to consider the effect of orthography 
input in the research on L2 phonology.   
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However, little research on this issue has been conducted that focuses 
on L2 pronunciation so far, and the previous studies that have focused 
on the issue have several limitations. 
     First, concerning the target sounds, a limited set of target 
languages and sounds have been investigated, and to the best 
knowledge of the author of this study, no study has yet investigated 
the English schwa produced by Japanese learners of English.  Also, 
to investigate the effects of orthographic forms on pronunciation, the 
reading-aloud task has been pervasively used, but it is possible that 
the task modulates the orthographic effects (see Bassetti & Atkinson, 
2015).  Therefore, elicitation tasks other than reading aloud should 
be considered in pronunciation research: most importantly, the effect 
of orthography on L2 pronunciation while conducting a single test 
that investigates the current state of learners, as in most previous 
studies.  However, there is a dearth of empirical research on the 
framework of L2 pronunciation training. 
     To resolve these issues, the present study aims to systematically 
uncover how orthographic input influences an improvement in the 
English schwa pronunciation in terms of duration (the duration ratio 
of schwa to a stressed vowel in a word) and segmental (the quality of 
schwa) levels produced by Japanese learners of English as a result of 
receiving the training with auditory word repetition.  To measure 
the training effect, the present study employs two elicitation tasks: 
auditory word repetition and word list reading.  In terms of 
pronunciation training, the amount and timing of input during 
training is manipulated to examine how phonological representation 
and orthographic representation are modified or newly formed by 
auditory and orthographic input as a result of the repetition training 
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and how these representations are retrieved through the different 
types of triggers (auditory word repetition and word list reading) to 
pronounce the target sounds.  
 
4 .3 .2  Background and Present  Study 
4.3 .2 .1  Effects  of  orthography on L2 pronunciat ion  
     In the light of the orthographic effect on vowel duration, 
Bassetti and Atkinson (2015), targeting Italian learners of English, 
examined the vowel duration in such pairs as ‘scene’ and ‘seen’.  The 
target vowel is /iː/ in both, but the orthographic forms, <e> and <ee>, 
are contrastive.  The results showed that the Italian speakers 
depended on the orthography to decide on the length of English 
vowels and produced the vowel with the orthography <ee> (i.e., a 
vowel digraph) longer than the vowel with <e> (i.e., a singleton vowel 
letter).  
     The present study is also of interest in investigating how the 
orthographic input affect vowel duration; more specifically, the 
pronunciation of an English reduced vowel, schwa (duration) by 
Japanese learners of English.  The studies mentioned above focused 
on the effect of orthography on the phoneme constituents within a 
syllable, but the present study is concerned with the alternation of 
strong and weak (including schwa) syllables in a word, that is, word 
stress in terms of its duration.  
     As for the aspect of vowel quality, from the perspective of 
orthographic depth, 44  Erdener and Burnham (2005), having the 
                                                      
44 The orthographic depth of an alphabetic system is defined as the degree 
of complexity of the mapping between orthographic and phonological 
representations (Liberman, Liberman, Mattingly, & Shankweiler, 1980).  
In other words, orthographic depth shows “the degree to which it deviates 
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participants read aloud non-words, they revealed that the beneficial 
effects of orthography on the pronunciation of segmental sounds (i.e., 
vowels, such as [ɪ], [a], [ʊ], [i], and [ɛ], and consonants, such as [k], [p], 
[dʒ], [x]) are more likely observed when both L1 and L2 are 
transparent (here, L1: English; L2: Irish).  On the other hand, a 
negative effect occurs when L1 is transparent (Turkish) and L2 is 
opaque (Irish).  With regard to the latter case, Turkish speakers (L1 
transparent) appear to process orthographic information of Irish 
(opaque) on the basis of their L1 grapheme-phoneme correspondences, 
with the learners assigning individual graphemes to individual 
phonemes; for instance, <idh> in the Irish non-word Muigfidh is 
incorrectly pronounced as [Idh] instead of [I].  This result shows the 
difficulty of L2 orthographic complexity, wherein learners determine 
how to connect a phonemic transcription to its written counterpart.  
The participants with transparent orthographic background tend to 
pay attention to orthographic information when both the auditory and 
orthographic sounds of word stimuli are simultaneously present.45        
     These findings are supported by Silveira (2007), which 
investigated the English (opaque orthography) word-final consonant 
                                                                                                                                                         
from one-to-one letter–phoneme correspondence” (Van den Bosch, Content, 
Daelemans, & De Gelder, 1994). Orthographic depth can include two 
aspects (Van den Bosch et al., 1994). (1) The first concerns the complexity of 
the relationships between elements at the grapheme and phoneme levels, or 
more specifically, how the orthography of words is converted into phonemic 
strings (e.g., English <shoe> consists of two graphemes, <sh> and <oe>) 
(Van den Bosch et al., 1994).  (2) The diversity of graphemes in the 
orthographic depths of different languages gives rise to complexity in 
connecting a phonemic representation to its corresponding spelling (e.g., 
/ /maps <sh>) (Van den Bosch et al., 1994).   
45 Erdener and Burnham (2005) explained that first, since speakers with L1 
opaque backgrounds tend to over-rely on L2 orthography; second, because 
the participants in their study were instructed to examine the orthography 
in the experiment, they tended to disregard auditory information. 
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pronunciation produced by Brazilian learners (transparent 
orthographic background).  In the experiments, the participants 
completed three tasks (reading a sentence list, reading a dialog, and 
answering a set of questions) that included word-final consonants; 
they did not receive pronunciation training beforehand.  
Non-target-like pronunciation was observed across the tasks (e.g., a 
silent <e> in the word-final position was pronounced, such as [made] 
for ‘made’),46 suggesting that the transfer of L1 grapheme–phoneme 
correspondences (e.g., the final <e> of a word is pronounced in 
Brazilian Portuguese, for instance, pele ‘skin’ [ëpEli]) induces 
mispronunciation.   
      The present study investigates Japanese speakers (transparent 
orthographic background) of English (opaque orthography), with the 
pronunciation of the English schwa as the target.  The English 
schwa /ə/ (the focus of this study) is represented in spellings including 
<a>, <i>, <u>, <e>, <o>, and <ou> (Cruttenden, 2014, p. 138), and the 
relationship between phonemes and graphemes is not straightforward.  
Thus, Japanese learners are expected to make a mistake in the 
quality of their schwa pronunciation—an error that reflects the 
influence of L1 one-to-one correspondence between graphemes and 
phonemes.   
     As revealed in the experiment in Chapter 3, where Japanese 
learners read real words aloud, they tended to depend on the 
orthography and to produce schwa in their L2 production.  As for the 
                                                      
46 The highest error occurrence was observed in Task 3 (answering a set of 
questions), even though no written input was provided. Silveira (2007) 
concluded that this occurrence was due to pervasive negative transfer from 
L1 knowledge. Nonetheless, she added that further analysis is necessary 
given that a variety of factors such as input length or formal vs. informal 
styles influence these tasks. 
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duration, they reflected their L1 with a more-timed rhythm in their 
performances, whereby each syllable was likely to be equal in length, 
resulting in pronouncing schwa with inadequate shortening.   
     With respect to the quality of schwa, Japanese learners tend to 
reflect the influence of L1 in one-to-one correspondence between 
graphemes and phonemes, leading to pronouncing the schwa spelled 
<a> as a Japanese a full vowel [a].  In other words, Japanese 
learners of English are likely to pronounce schwa, for example, in 
‘abandon < əbˈændən>,’ with a longer duration and with the quality of 
[a]—if they use the strategy of their native language.   
     The present study, after confirming such orthographic 
interference, focuses on how orthographic input and auditory input 
influence the improvement of the target sound.  
4 .3 .2 .2  Pronunciat ion training and el ic itat ion tasks 
     In terms of assessing the orthographic effect on L2 
pronunciation, the previous research aforementioned used one-time 
tests to analyze L2 production or phonological awareness as 
aforementioned.  Conversely, the current study is concerned with 
examining the acquisitional values of training with pronunciation 
instruction.  To examine this issue, the experiments comprised study 
and test phases.  In the study phase, the learners repeated target 
words eight times47  in different conditions, wherein auditory and 
orthographic information were controlled to examine how the 
provision of orthographic information along with auditory words 
influences L2 pronunciation improvement in the course of the 
                                                      
47  Experiment 1 shows that five or more repetitions are effective in 
improving the pronunciation of schwa by Japanese learners of English. 
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repetition training.   
     Regarding the controlling of the orthographic information, the 
timing of the presentation of the orthography along with the auditory 
word might affect the learning of pronunciation.  Erdner and 
Burnham (2005) hypothesized that the availability of orthography in 
the initial stage of learning is expected to interfere with 
pronunciation when L2 learners with a transparent orthographic 
background learn a language with a less transparent orthography.   
     In addition, Frost, Repp, & Katz (1988) the provision of word 
spellings after intensive auditory input may facilitate L2 
pronunciation learning because orthographic information can help 
solve perceived ambiguity and reinforce phonological representation.   
     Considering these, the current research established four sets of 
study conditions, wherein the availability of orthography was 
controlled: 
Unrepeated condit ion:   
The participants were not exposed to the word stimuli in the   study 
phase but were asked to repeat or read them aloud in the test phase 
for the first time. 
Repeated condit ions:  
[1]Aud+Orth: Auditory and orthographic information was 
simultaneously presented eight times 
[2]Aud+Orth 1: Only the auditory information of the words was  
presented seven times, followed by the presentation of the 
orthography along with auditory words in the final trial.  That is, 
orthographic information is presented only once with auditory 
information at the end of the training. 
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[3] Aud Only: Only auditory words were presented eight times. 
     With respect to outcome measures, the present study employed 
two tests: Test 1, which featured auditory word repetition, and Test 2, 
which involved word list reading.  A previous study argued the 
importance of the elicitation task types, showing a difference in 
orthographic effects on L2 pronunciation between tasks involving 
reading aloud and immediate repetition, wherein reading-aloud tasks 
induce more orthographic effects (Bassetti & Atkinson, 2015).   
     Also, using the different tasks that present the target sounds in 
a phonological form (i.e., auditory word repetition) and in a 
orthographic form (word list reading), the current study examines 
how differently the auditory and orthographic knowledge stored in 
the study phase can be retrieved to pronounce the target sound, 
depending on the elicitation task types in the test phase. 
4 .3 .3  Research Questions 
     The current work intends to answer three main questions as 
follows: 
     First of all, to clarify the English schwa production tendencies of 
Japanese speakers under a no repetition-training condition and the 
substantial effect of orthography on pronunciation, the following 
question (1) is raised.  Then, to examine the orthographic effects on 
the target words in the case of providing orthography through the 
training, question (2) is set.  Finally, to see the effects of the limited 
provision of orthography after intensive auditory input on the 
pronunciation, question (3) is prepared.  Regarding questions (2) and 
(3), the factors relating to the elicitation task types (Test 1: auditory 
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word repetition and Test 2: word list reading) are considered.  
(1) Do Japanese speakers pronounce target-like English schwa more 
accurately in auditory word repetition tasks (i.e., Test 1) than in 
word list-reading tasks (e.g., Test 2) under an unrepeated 
condition?  
(2) Does orthographic information from the beginning of the training 
hinder the improvement in pronunciation of the English schwa in 
tasks involving intensive repetition of auditory words when 
improvement is examined in Test 1 (auditory word repetition) and 
Test 2 (word-list reading)?  
(3) Does the presentation of the orthographic information of words 
after intensive auditory input facilitate Japanese speakers’ 
learning of the English schwa pronunciation when improvement 
is examined in Test 1 (auditory word repetition) and Test 2 
(word-list reading)?  
4 .3 .4  Method 
4.3 .4 .1  Part ic ipants                                       
    Twenty male Japanese learners of English (aged 19 to 21;  
non-English majors at a university in Japan) participated in the 
study to receive pronunciation training.  Their English proficiencies 
ranged from beginner to intermediate levels or from TOEIC 210 to 
545 (M = 393, SD = 97) (i.e., CEFR A1, A2, and B2 levels).  The 
participants were paid for their participation.  Two male English 
native speakers, both instructors of English as a foreign language at 
Japanese universities, were also recruited.  One is from Boston and 
the other is from Hawaii.  Their productions of schwa were used as 
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the pronunciation norm. 
4 .3 .4 .2  Material  
     The materials consisted of 36 three-syllable words selected from 
the MRC Psycholinguistic Database.  Words that include a schwa 
spelled as <a>, occurring either in initial, medial, or final syllables, 
were selected.  To minimize semantic influence from stimuli, the 
words selected are fairly low-frequency words that are likely 
unfamiliar to the participants.48  All the words were recorded in a 
US-accented male voice, “Alex,” using the text-to-speech software, 
Natural Reader Mac 3.0 (AT&T®, 2013).  The recorded words were 
digitized at 16 kHz.  Table 4.18 shows the phonetic characteristics 
of the auditory word stimuli produced by the text-to-speech software. 
Table 4.18 
Phonetic information of the auditory word stimuli (male voice) 
 
 
 
Note. Ratio of duration of schwa to a stressed vowel of a word (ms) 
and the values of the first and second formant frequencies (Hz) as a 
function of the positions of schwa. 
 
    To counterbalance the experimental materials, the words were 
divided into four study lists (A–D), each with a nine-word study list 
                                                      
48 After the experiments, the participants were asked whether the stimuli 
were familiar to them. One participant reported that “dynamo” was familiar 
to him.  
Phonetic features Initial Medial Final
Duration ratio 0.49 0.45 0.82
The first formant frequency (F1) 884 846 925
The second formant frequency (F2) 2061 1864 1730
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(Table 4.19).  Each set was designed to have at least one initial, 
medial, and final schwa.  For each participant, one of the four lists 
was assigned to the unrepeated condition, and the rest were employed 
under the repeated conditions (Aud+Orth, Aud+Orth 1, and Aud 
Only).  Participant assignments to the four study lists were 
counterbalanced across the subjects.  
Table 4.19 
Materials 
 
 
 
 
 
Note. The bold letters indicate the schwa’s positions. 
4.3.4 .3  Procedures 
     The experiment consisted of study and test phases, as defined in 
the introduction of Chapter 4. 49   During the study phase, the 
participants were instructed to listen to and repeat a word presented 
in the three conditions: Aud+Orth, Aud+Orth 1, and Aud Only.  The 
order of presentation was counterbalanced among Aud+Orth, 
Aud+Orth 1, and Aud Only.  Nine words in each list were randomly 
                                                      
49 In Experiment 1, the data were elicited twice at different times (10 
minutes and one week after the study phase), but in Experiment 2, the data 
were elicited from the two different tests at one time (10 minutes after the 
study phase).  
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presented eight times under each condition. The 
inter-stimulus-interval (ISI) was one second.  Before each study 
phase, the participants practiced with three words to familiarize 
themselves with the experimental style.  After the study phase, as a 
break, each participant was instructed to read several English 
sentences and words that are irrelevant to the present study for 5 
minutes.  They were then allowed a 5-minute break listening to 
music.  The purpose of these tasks was to clear the participants’ 
short-term memory.  In the test phase, the participants listened to 
36 words (all the stimuli, that is, Lists A–D) presented with a 
one-second ISI and were instructed to repeat each word as rapidly and 
as accurately as possible (Test 1).  They were then asked to read 
aloud all the stimuli on the list one by one as quickly as possible (Test 
2).  Their productions were recorded using a Sony IC UX533F stereo 
recorder with a sampling rate of 44 kHz.  The entire experiment 
lasted roughly 40 minutes and was conducted individually in a quiet 
room.  The native speakers of English were asked to repeat 36 
auditory word stimuli and read aloud the words on the list.  Their 
productions were recorded using the audio-processing software, 
Audacity 2.0.5 (2013) with a sampling rate of 44 kHz. 
4 .3 .4 .4  Analysis    
    Only the words that were correctly repeated by the participants 
were analyzed; those incorrectly repeated in Test 1 (23%) (e.g., 
‘cajolar’ → ‘conjolar,’ ‘tamable’ → ‘terrible’) and Test 2 (32%)50 (e.g., 
‘basalt’ →  ‘baysalt,’ ‘angina’ → ‘angiya’) were excluded from the 
analysis.  The pronunciations were measured on a spectrogram 
                                                      
50 In addition, the large number of incorrect repetitions was due to 
incorrect stress placement within the words. 
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created with the speech analysis software, Praat 5.3.65 (Boersma & 
Weenink, 2014).   
    The identified outliers (0.97% of the data for the duration 
ratio in Test 1; 0.83% of the data for the duration ratio in Test 2; 
no outliers for F1 and F2) were replaced by the average value of 
schwa in each position.  The criteria for outliers in the data set 
were more than double or less than half the average in each 
position of schwa in a word.  
     The repetition effect was examined by analyzing the ratio of 
duration of schwa to the stressed vowel of a word (duration ratio) and 
the F1 and F2 values of schwa for all the words produced in Tests 1 
and 2.  The measured values obtained in the unrepeated and three 
repeated conditions were then compared.  When the duration ratio of 
the F1 or F2 of schwa in the repeated words significantly differed 
from that in the unrepeated words and from the approached native 
norms, a repetition effect was assumed to have occurred. 
4 .3 .5  Results  and Discussion 1 :  Comparison of  the 
Pronunciat ion in Unrepeated Condit ions in  Tests  1  and 2       
     To elucidate the considerable effect of orthography on the 
pronunciation of the English schwa by Japanese speakers and the 
characteristics of their pronunciations, the productions of the 
Japanese speakers in Test 1 (auditory word repetition) and those in 
Test 2 (word-list reading) in the unrepeated condition were 
statistically compared. 
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4 .3 .5 .1  Duration rat io  in  unrepeated condit ions in  Tests  1  
and 2 
     Figure 4.9 illustrates the mean duration ratio obtained in 
the unrepeated conditions in Tests 1 and 2. 
 
Figure 4.9. Mean duration ratio in words in the unrepeated condition 
as a function of Test and Position.  
     The duration ratio data from the two tests were subjected to 
two-way ANOVA, with Test (Tests 1 and 2) and Position (schwa in the 
initial, medial, or final syllable; henceforth, initial, medial, and final, 
respectively) as the factors.  This analysis yielded significant main 
effects of Test, p < .01 and Position, p < .001, as well as an interaction 
between the two factors, p < .005 (Table 4.20).  
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Table 4.20 
Results of two-way ANOVA on Test and Position in terms of duration 
ratio in the unrepeated condition  
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
A follow-up to this interaction, determined by two-way ANOVA, 
revealed a marginally significant difference in the initial-position 
schwa (henceforth, the initial schwa) between Tests 1 and 2, p < .01, d 
= 0.74 (a medium-sized effect).  
     The overall mean duration ratio in Test 1 (ratio = 0.60) was 
significantly smaller than that in Test 2 (0.77) when the norm of the 
native speakers was 0.48.51  This finding shows that performance is 
better in the repetition of auditory words (Test 1) as compared with 
the read-aloud task (Test 2).  This result suggests that orthographic 
information interferes with pronunciation.52  Such interference was 
especially observed in the case of the initial schwa (a medium-sized 
effect).  That is, the pronunciation of the initial schwa (duration 
ratio) was problematic for the Japanese speakers of English when 
                                                      
51 This value is the average of the native speakers’ productions elicited by 
the two tasks: repeating after word presentation and reading words aloud. 
52 Note that the larger duration ratio compared with the native norm may 
have been generated because of the Japanese L1 transfer of rhythm. 
Specifically, in Japanese mora-timed rhythm, each syllable is likely to be 
equal in length, and this L1 characteristic may have been reflected in the 
participants’ L2 production (Chapters 1 and 3). 
SS df MS     Test
Test 0.17 1 0.17 F= 2.934 , p < .01
Position 3.37 2 1.68  F= 27.176, p <.001
Interaction 0.36 2 0.18  F = 3.147, p < .005
Error 12.88 223 0.05
Total 125.47 229
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they read aloud the word list.   In fact, this result confirmed the 
finding obtained in the experiment of Chapter 3, where the 
participants read aloud the real words.  These analyses show the 
orientation toward which Japanese speakers’ performance tends 
without pronunciation training and the potential interference of 
orthography in the pronunciation learning of the English schwa.   
4 .3 .5 .2  Quality  in  unrepeated condit ions in  Tests  1  and 
Test2  
F1 values  
     Figure 4.10 plots the F1 schwa values elicited in the 
unrepeated conditions in Tests 1 and 2. 
  
Figure 4.10. Mean F1 values of the schwa in words in the unrepeated 
condition as a function of Test and Position.  
The F1 values from the two tests were analyzed by two-way ANOVA, 
with Test (Tests 1 and 2) and Position (initial, medial, final) as the 
factors.  This analysis yielded significant main effects of Test, p 
< .001 and Position, p < .001.  No interaction between the two factors 
was found, p = .454 (Table 4.21).  With regard to the additional 
analysis for Test, a post-hoc test revealed a marginally significant 
difference between Tests 1 and 2, p < .001, d = 0.71 (a medium-sized 
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effect).   
Table 4.21 
Results of two-way ANOVA on Test and Position for F1 in the 
unrepeated condition 
 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
F2 values 
     Figure 4.11 depicts the mean F2 schwa values derived under the 
unrepeated condition. 
 
Figure 4.11. Mean F2 values of the schwa in words in the unrepeated 
condition as a function of Test and Position.  
     For the F2 values, a statistical analysis was conducted using the 
same method applied in deriving the F1 values.  The analysis 
revealed significant main effects of Test, p < .001 and Position, p 
< .005, as well as an interaction between the two factors, p < .05 
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(Table 4.22).  
 
Table 4.22 
Results of two-way ANOVA on Test and Position for F2 in the 
unrepeated condition 
 
 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
Further statistical analysis of this interaction revealed significant 
differences in the initial and medial schwas between Tests 1 and 2:  
initial schwa, p < .001, d = 0.75 (a medium-sized effect); medial schwa, 
p < .001, d = 0.96 (a large-sized effect).   
     In sum, the findings on the F1 and F2 values, with respect to the 
F1 values, indicate that the overall mean F1 value of the schwa in 
Test 2 (560 Hz) was significantly larger than that in Test 1 (499 Hz); 
additionally, the higher F1 frequency in Test 2 suggests that the 
participants’ tongue position is low and directed toward a low vowel, 
[a], in Japanese (782 Hz, Imaishi, 1997).53   Considering that the 
native norm was 558 Hz, the schwa value obtained in Test 2 (560Hz) 
was moderate in the phonetic environment of schwa used in this study.   
     As to the F2 values for the initial and medial schwas, the values 
in Test 2 (initial: 1354 Hz, medial: 1336 Hz) were significantly 
smaller than those in Test 1 (initial: 1509 Hz, medial: 1545 Hz) 
                                                      
53 To obtain the lower male voice pitch, the values were reduced by 20%. 
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(initial: a medium-sized effect, medial: a large-sized effect) when the 
native norms were 1591 and 1554 Hz for the initial and medial 
schwas, respectively.  The lower F2 frequency in Test 2 suggests that 
the participants’ tongue position is backward in a vowel space, 
directed toward the Japanese back vowel [a] (1107 Hz, Imaishi, 1997).   
    Taken together, the relatively higher F1 and lower F2 values in 
Test 2 (word-list reading) suggest the possible orthographic 
interference of the L1 grapheme–phoneme correspondences, in which 
the schwa spelled <a> in a target word is pronounced as a single 
sound, [a].  This result confirmed the previous finding with Japanese 
learners of English using real words in the reading-aloud task (see 
Chapter 3).  The orthography of Japanese Kana is highly 
transparent, and thus it is likely that the orthographic interference 
occur when the Japanese participants deal with English with less 
transparent language, as argued by Erdner and Burnham (2005), 
although a cross-linguistic study is necessary to confirm this.  
 
4 .3 .5 .3 .  Summary of  duration rat io  and qual ity  in  
unrepeated condit ions in  Tests  1  and 2  
     In summary, the comparison of the pronunciations of schwa (in 
terms of duration and quality) by the Japanese speakers in the 
unrepeated conditions under Test 1 (auditory word repetition) and 
Test 2 (word-list reading) confirms that orthography impeded 
target-like pronunciation.     
     As for the tendencies in schwa pronunciation, the Japanese 
speakers appeared to encounter problems in producing the initial 
schwa (in terms of duration ratio and F2 values).  Overall, this result 
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corroborates the findings presented in Chapter 3. 
     The following sections discuss the investigation of whether and 
how the availability of orthographic information affects the 
improvement of target sounds via training that involves the intensive 
repetition of auditory words.  The effectiveness of the training is 
reported in terms of duration ratio (Section 4.3.6) and quality (Section 
4.3.7). 
4 .3 .6  Results  and Discussion 2 :  Training Effects  on Duration 
Ratio   
4 .3 .6 .1  Duration rat io :  Test  1  (auditory word repetit ion)  
 Table 4.23 shows the descriptive statistics for the duration ratio 
in Test 1.   
Table 4.23 
Duration ratio (ms) as a function of Repetition and Position in Test1  
 
Note. The standard deviations (SD) are enclosed in parentheses. 
    For ease of graphical presentation of results, the mean duration 
ratio in Test 1 as a function of test and position is presented in Figure 
4.12.   
Repetition / Position Initial Medial Final
Unrepeated 0.60 0.53 0.85
Repeated 
     Aud + Orth 0.52 0.52 0.8
     Aud + Orth 1 0.51 0.44 0.76
    Aud Only 0.53 0.45 0.79
Native Speakers 0.5  
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Figure 4.12. Mean duration ratio as a function of Repetition and 
Position in Test 1: Auditory word repetition. 
The duration ratio data from Test 1 were analyzed by two-way 
ANOVA, with Repetition (Unrepeated, Repeated with Aud+Orth, 
Repeated with Aud+Orth 1, Repeated with Aud Only) and Position 
(initial, medial, final) as the factors.  This analysis yielded 
significant main effects of Repetition, p < .01 and Position, p < .01.  
No significant interaction between the two factors was observed 
(Table 4.24).   
Table 4.24 
Results of a two-way ANOVA on Repetition and Position for the 
duration ratio in Test 1 
 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
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With regard to the further analysis for Repetition, a post-hoc test 
revealed significant differences in Unrepeated and Repeated with 
Aud+Orth 1, p < .05, d = .34 (a small-sized effect) and Unrepeated and 
Repeated with Aud Only, p < .05, d = .37 (a small-sized effect).  No 
significant effects were found in Unrepeated and Repeated with 
Aud+Orth, p > .05 (Table 4.25). 
Table 4.25 Summary of statistical analyses: Duration ratio in Test 1 
 
Note. An asterisk indicates a p-value lower than .05.  “Medium” and 
“small” show the effect sizes. “n.s.” indicates a non-significant effect. 
 
Aud Only vs .  Aud + Orth  
     The results show the interference of the presentation of 
orthographic input along with auditory words on the training: When 
the target words were repeated with only auditory information (Aud 
Only), for which the ratio (0.58) was numerically close to the native 
norm (0.58), the ratio was significantly smaller than that derived 
with the unrepeated words (0.66; small-sized effect).  Conversely, 
when the target words were repeated with both auditory and 
orthographic information (Aud+Orth), the ratio (0.61) did not 
significantly differ from that derived under the unrepeated condition 
(0.66).   These results suggest that in the course of pronunciation 
practice, learners benefit from the repetition of auditory words but 
      Aud + Orth    Aud + Orth1   Aud Only
  

 
		
Repeated:  Aud + Orth   
Repeated:  Aud + Orth 1   
Repeated:  Aud Only   
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not from the orthographic information along with the auditory words. 
     One of the possible explanations for this finding is 
transfer-appropriate processing (TAP) theory from psychological 
research (Morris, Bransford, & Franks, 1977).  This theory holds 
that the more similar the ways of cognitive processing in study and 
test phases, the greater the learning effect observed in test tasks.  
Considering that the tasks of Aud Only in the study phase and Test 1 
are basically identical (auditory repetition task), a natural occurrence 
was for the Aud Only condition to endow the speakers with more 
advantage in pronunciation improvement than that enabled by the 
Aud+Orth condition. 
     The result may also be attributed to the fact that in the 
Aud+Orth condition, selective attention may have been paid to 
orthographic information given that Japanese speakers tend to 
extensively rely on orthographic input when both auditory and 
orthographic inputs are provided in the training (Brown & Haynes, 
1985; Koda, 1990).  Thus, the participants may have disregarded 
auditory input that is necessary for creating metrical representation.  
     In addition, the learners’ limited processing capacity is 
speculated as being related to the difference in ratio between the Aud 
Only and Aud+Orth conditions.  The participants may have allocated 
substantial cognitive resources to reading English words consisting of 
more complex syllable structures than those of Japanese, thereby 
taking away from the store of resources needed to attend to auditory 
information (e.g., Erdner & Burnham, 2005).  This insufficient 
storage of auditory information may have therefore caused 
non-target-like pronunciation.  Regarding this interpretation, 
further studies using the stimuli that include the different complexity 
  204 
levels of syllable structures will be necessary. 
4.3.6 .2  Duration rat io :  Test  2  (word- l ist  reading)  
    The statistical analyses for the duration ratio in Test 2 were 
carried out in the same manner as those applied for the duration ratio 
in Test 1.  The descriptive statistics for the duration ratio in Test 2 
are shown in Table 4.26 and presented as a graph in Figure 4.13. 
Table 4.26 
Duration ratio as a function of Test and Position in Test 2  
 
Note. Figures in parentheses indicate SDs.   
 
Figure 4.13. Mean duration ratio as a function of Repetition and 
Position in Test 2: Word-list reading.  
The analyses yielded significant main effects of Position, p < .001 and 
a marginally significant interaction between Repetition and Position, 
p = .076 (Table 4.27).   
Repetition / Position Initial Medial Final
Unrepeated 0.77 (0.28) 0.54 (0.17) 0.84 (0.26)
Repeated 
     Aud + Orth 0.62 (0.21) 0.59 (0.24) 0.84 (0.27)
     Aud + Orth 1 0.64 (0.20) 0.61(0.20) 0.88 (0.25)
    Aud Only 0.57 (0.16) 0.5 (0.19) 0.85 (0.28)
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Table 4.27 
Results of a two-way ANOVA on Repetition and Position for the 
duration ratio in Test 2 
 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
A follow-up to this interaction, determined by a two-way ANOVA, 
revealed a significant difference in the initial schwa between 
Unrepeated and Repeated with Aud Only, p < .01, d = 0.83 (a 
large-sized effect) and between Unrepeated and Repeated with 
Aud+Orth, p < .05, d = 0.59 (a medium-sized effect).  No significant 
difference was found between Unrepeated and Repeated with 
Aud+Orth 1, p = .154 (Table 4.28).  
Table 4.28   
Summary of statistical analyses: Duration ratio in Test 2 
 
Note. An asterisk indicates a p-value lower than .05. “Large” and 
“medium” show the effect sizes. “n.s.” indicates a non-significant 
effect. 
 
      Aud + Orth    Aud + Orth1   Aud Only
 	  

Repeated:  Aud + Orth   
Repeated:  Aud + Orth 1   
Repeated:  Aud Only   
SS df MS        Test
Positions 6.345 2 3.172    F= 55.64 , p < .001
Presentation 0.32 3 0.107 F= 1.87, p =.134
Interaction 0.657 6 0.109    F = 1.919, p = .076
Error 25.942 537 0.057
Total 252.026 467
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Aud Only vs .  Aud + Orth  
     The findings reveal that the initial schwa duration ratios 
obtained in the Aud Only (0.57; a large-sized effect) and Aud+Orth 
(0.62; a middle-sized effect) conditions were significantly smaller than 
that obtained in the Unrepeated condition (0.77).  The latter 
presented a ratio close to the native speakers’ norm.  The 
participants benefited from the repetition of auditory words only (Aud 
Only) and from the auditory words coupled with orthographic 
information (Aud+Orth).   
     Contrary to the finding in Test 1 (auditory word repetition), in 
Test 2 (word-list reading), English schwa pronunciation under the 
stimuli improved despite of the presentation of the orthographic 
information on the training with auditory word repetition.  
     In this experiment, the Aud+Orth condition (in the study phase) 
shares a processing similarity with the word-list reading task (in the 
test phase); that is, both involved the presentation of written 
information.  Again, on the basis of TAP theory (Morris et al., 1977), 
therefore, a significant practice effect may have been obtained in the 
Aud+Orth condition.  In other words, the participants might have 
effectively used the orthographic representation of the words that 
they stored during the study phase when they read aloud the words in 
the test phase.  The present study thus revealed that orthographic 
information does not always hamper improvement in the process of 
learning L2 pronunciation. 
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4 .3 .6 .3  Duration rat io :  The presentation t iming of  
orthography in Test  1  and Test  2  
    As previously stated, this study explored the presentation of 
orthography after intensive auditory input (i.e., the auditory 
information of the words was provided seven times, followed by the 
provision of orthography accompanied with auditory words in the 
final trial) to determine whether such presentation facilitates 
improvement in English schwa pronunciation by Japanese speakers.   
This issue was addressed by comparing unrepeated words with words 
repeated in three conditions, Aud Only, Aud+Orth, and Aud+Orth 1, 
which were elicited in Test 1 (auditory word repetition) and Test 2 
(word-list reading).  The findings are summarized in Tables 4.25 and 
4.28 and reproduced in Tables 4.29 and 4.30.      
Table 4.29 Summary of statistical analyses: Duration ratio in Test 1 
 
Note. An asterisk indicates a p-value lower than .05.  “Medium” and 
“small” show the effect sizes.  “n.s.” indicates a non-significant effect. 
 
 
 
 

      Aud + Orth    Aud + Orth1   Aud Only

  	 	
Repeated:  Aud + Orth   
Repeated:  Aud + Orth 1   
Repeated:  Aud Only   
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Table 4.30   
Summary of statistical analyses: Duration ratio in Test 2 
 
Note. An asterisk indicates a p-value lower than .05.  “Large” and 
“medium” show the effect sizes.  “n.s.” indicates a non-significant 
effect. 
 
     In Test 1, the overall practice effect in the Aud+Orth 1 condition 
(a small-sized effect) was comparable to that in Aud Only (a 
small-sized effect).  This finding does not support the hypothesis that 
the presentation of spellings after intensive auditory input facilitates 
L2 pronunciation improvement (Frost, Repp, & Katz, 1988).  
Nevertheless, pronunciation improvement was similarly achieved in 
both conditions, suggesting that the auditory information was 
sufficiently stored in the study phase in the both conditions and 
successfully retrieved and encoded to pronounce the words, as 
triggered by the presented “auditory input” of words, in the test 
phase.  
     Conversely, the practice effect was found in Test 2 (word-list 
reading) only for the initial schwa in Aud Only (a large-sized effect) 
and Aud+Orth (medium-sized effect) but not in Aud+Orth 1, 
suggesting that the presentation of orthography at the end of learning 
may have interfered with pronunciation improvement even though 
intensive auditory input was provided beforehand.  
      Aud + Orth    Aud + Orth1   Aud Only
 

  	
Repeated:  Aud + Orth   
Repeated:  Aud + Orth 1   
Repeated:  Aud Only   
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4 .3 .6 .4  Discussion on the duration rat io 
     The bilingual lexical processing model proposed by Kadota 
(2010a) might be able to account for the findings mentioned above. 
The model focuses on L2 vocabulary processing and hypothesizes how 
representations relate to each other in the cognitive process (Kadota, 
2012, p. 121).  This model also provides useful insight toward how 
tasks such as phrase or sentence shadowing, oral reading, or 
repeating are involved in the formation of phonological, orthographic, 
and conceptual representations.  In this model, as depicted in Figure 
4.15, the left side shows the L2 vocabulary processing, and the right 
side indicates that of L1, since L2 learners tend to process and L2 
learning is based on L1 processing (p.122).  More specifically, this 
model illustrates how auditory input/output and written input/output 
are related to phonological, conceptual, and orthographic 
representations and how L1 and L2 lexicons are related to each other 
(p.122).   
     Let us turn to the explanation of the findings of the present 
study in terms of the duration ratio.  First of all, in the study 
conditions of Aud Only and Aud + Orth 1, it is assumed that L2 
phonological representation was adequately formed by auditory word 
repetition and that the representation was successfully accessed and 
activated by the L2 auditory input provided in Test 1, resulting in 
improved L2 production (pronunciation) (see Figure 4.15 for the route 
[a]-[c]-[b] in the model).  On the other hand, in the case of Aud + Orth 
in the study phase, it is assumed that since phonological 
representation was not sufficiently formed because of the interference 
of L2 orthographic information (as explained earlier), L1 phonological 
representation might have been also used to produce the target L2 
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sound (see Figure 4.14 for the route [a]-[c]-[d]-[c (+ k)]-[b] in the 
model). 
    
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.14. Bilingual lexical processing model. Japanese notations 
are translated into English. Adapted from “Shadoingu ondoku to 
eigo shutoku no kagaku : Inputto kara autoputto e, ” by S. Kadota, 
2012, p.122. Copyright 2012 by Cosmppier.   
    
     As for Test 2, with L2 orthographic input (word list reading) as a 
trigger, the L2 orthographic representation formed in the Aud + 
Orth1 condition of the study phase might have been more readily 
accessed and activated; however, because of insufficient orthographic 
input in the study phase (i.e., in only one out of eight instances in the 
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final trial), the link between orthographic and phonological 
representations were assumed to be weak.  Thus, the phonological 
representation stored in the study phase might not have been 
successfully used to pronounce the target sound.  In other words, the 
participants may have failed to smoothly match already stored 
phonological information with the intensively repeated auditory 
words (i.e., seven times) and with the spelling information during the 
presentation of orthographic information.  Thus, the participants’ 
failure to strengthen the link between the auditory and orthographic 
representations in the test phase may have impeded the successful 
conversion of written words into spoken units in Test 2 (the word list 
reading task).  Because of this, the participants might have produced 
the target sound depending on an L1 phonological representation in 
the test phase (see Figure 4.15 for the route [e]-[d]-[c+k])-[b] in the 
model).  
     Regarding Aud + Orth, the link between the auditory and 
orthographic representations is considered to be strengthened to some 
extent; therefore, the repetition effect was obtained (see Figure 4.15 
for the route [e]-[d]-[c]-(+[k])-[b] in the model). 
     As for Aud Only, interestingly, the participants exhibited better 
performance when they trained with Aud Only, despite the fact that 
the tasks in Aud Only and Test 2 involved different modalities 
(auditory repetition vs. reading aloud).  What is the implication of 
this finding?  Possibly, the relatively simple structures of the initial 
syllables of the word stimuli (e.g., CV in ‘cadaver’ and 
‘baloney’)—attributes that are common to the Japanese language—is 
assumed to have enabled ease of segmentation and pronunciation of 
the initial syllables, thereby allowing the participants to readily and 
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directly access and retrieve the stored L2 phonological representation 
of the duration ratio.  In this regard, this finding demonstrates the 
strong effect of auditory information on the formation of the 
representations of schwa (see Figure 4.15 for the route [e]-[c]-[b] in 
the model).      
     In practical terms, the results of Test 2 highlight the importance 
of timing and amount of presented orthographic input in L2 
pronunciation training.  The insufficient orthographic information 
presented after intensive auditory input in the L2 instruction 
hindered improvement in schwa pronunciation (the duration ratio); 
nonetheless, the sufficient inclusion of orthographic input after 
intensive repetition of auditory words in the training may raise 
learners’ awareness of transparent L2 grapheme–phoneme patterns 
and strengthen the connection between auditory and written 
information.  This increase in awareness accelerates the 
improvement in schwa pronunciation in terms of duration, even 
during read-aloud tasks.  Careful consideration of amount and 
quality of input in pronunciation training is necessary to attest the 
validity of this argument.  
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4 .3 .7  Results  and Discussion 3 :  Training Effects  on Quality   
4 .3 .7 .1  Qual ity :  Test  1  (auditory word repetit ion)   
F1 values  
     Table 4.31 shows the descriptive statistics for the F1 values in 
Test 1, and Figure 4.15 depicts such information in a graphical form. 
Table 4.31 
Mean F1 values of the schwa in target words as a function of Test and 
Position in Test 1 
 
Note. SDs are indicated in parentheses. 
 
Figure 4.15. Mean F1 values as a function of Repetition and Position 
in Test 1: Auditory word repetition. 
The F1 values were statistically analyzed in the same manner 
conducted for the duration ratios.  The analyses show significant 
main effects of Position, p < .01 and a marginally significant effect of 
Repetition / Position Initial Medial Final
Unrepeated     481 (114) 468 (90) 547 (92)
Repeated 
     Aud + Orth    516 (109) 467 (79) 562 (90)
     Aud + Orth 1    474 (101) 457 (69) 522 (90)
    Aud Only    486 (91)   484 (106)  522 (107)
Native Speakers    537 (178) 455 (66)  622 (121)
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Repetition , p = .055.  No significant interaction was found between 
Repetition and Position (Table 4.32).  An issue worth noting is that 
the F1 value of each schwa position in a given word was relatively 
close to the native norm. 
Table 4.32 
Results of two-way ANOVA on Repetition and Position for the F1 
values in Test 1 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
As to the further analysis of Repetition types, a post-hoc test revealed 
no significant difference between the unrepeated and repeated 
conditions.  These findings indicate that repetition effects in terms of 
F1 values did not arise in any of the practice conditions (Aud+Orth, 
Aud+Orth 1, and Aud Only) when the participants’ productions were 
measured by the auditory repetition task (Table 4.33). 
Table 4.33 
Summary of statistical analyses: F1 values in Test 1 
 
Note. “n.s.” indicates a non-significant effect. 
	      Aud + Orth    Aud + Orth1   Aud Only
	   
Repeated:  Aud + Orth   
Repeated:  Aud + Orth 1   
Repeated:  Aud Only   
   SS df MS     Test
Positions 553381.56 2 276690.783     F=30.121,  p <.001
Presentation 70177.07 3 23392.359     F=2.547, p = .055
Interaction 34884.18 6 5814.031     F=0.633,  p  = .704
Error 4932875.54 537 9185.988
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F2 values      
    Table 4.34 shows the descriptive statistics for the F2 values in 
Test 1.  The results are also illustrated in Figure 4.16. 
Table 4.34 
Mean F2 values of the schwa in target words as a function of 
Repetition and Position in Test 1 
 
Note. SDs are enclosed in parentheses. 
 
Figure 4.16. Mean F2 values as a function of Repetition and Position 
in Test 1: Auditory word repetition. 
The F2 values were statistically analyzed in the same manner 
performed for the F1 values.  This analysis yielded a significant 
main effect of Position, p < .001 and a marginally significant 
interaction between Repetition and Position, p = .064 (Table 4.35). 
Repetition / Position Initial Medial Final
Unrepeated 1509 (238) 1545 (227) 1352 (190)
Repeated 
     Aud + Orth 1455 (245) 1532 (220) 1339 (211)
     Aud + Orth 1 1487 (259) 1502 (234) 1294 (224)
    Aud Only 1374 (253) 1576 (274) 1376 (269)
Native Speakers 1544 (306) 1596 (298) 1394 (273)
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Table 4.35 
Results of a two-way ANOVA on Repetition and Position for the F2 
values in Test 1 
 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
A follow-up to this interaction, by a two-way ANOVA, yielded a 
significant difference in the initial schwa between Unrepeated and 
Repeated with Aud Only, p < .05, d = 0.32 (a small-sized effect) (Table 
4.36). 
Table 4.36 
Summary of statistical analyses: F2 values in Test 1 
 
Note. “Small” shows the effect size.  “n.s.” indicates a non-significant 
effect. 
Summary of  f indings on qual ity  in  Test  1  
     To summarize, the findings on the F1 and F2 values in Test 1 
are difficult to interpret.  The F1 value was numerically close to the 
native norm, irrespective of the Unrepeated and Repeated conditions.  
Conversely, the F2 value of the initial schwa (1374 Hz) in the words 
	
      Aud + Orth    Aud + Orth1   Aud Only
	
   
Repeated:  Aud + Orth   
Repeated:  Aud + Orth 1   
Repeated:  Aud Only   
SS df MS           Test
Positions 3768429.59 2 1884214.79   F= 33.062,  p <.001
Presentation 118986.64 3 39662.21  F = 0.696,  p = .555
Interaction 683909.11 6 113984.85        F = 2 ,  p =.064
Error 33168373.56 582 56990.33 F=33.062,  p <.001
Total 1290928118
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repeated with auditory input only was the lowest, directed toward the 
Japanese vowel [a] (1107 Hz, Imaishi, 1997) or the English [a] (1200 
Hz), articulated around backward of the vowel space.  The value 
significantly differed from its counterpart in the unrepeated condition 
(1510 Hz), which was the value numerically closest to the native norm 
(1544 Hz).  The participants are assumed to have incorrectly 
perceived schwa and categorized it as [a].  Another interesting 
finding is that this deviation in F2 value from the native norm 
occurred particular to the initial schwa that was problematic for the 
Japanese speakers.  This phenomenon suggests the difficulty of 
acquiring the initial schwa in terms of quality, despite the intensive 
repetition of words.  
4 .3 .7 .2  Qual ity :  Test  2  (word- l ist  reading)  F1 values  
     Table 4.37 shows the descriptive statistics for the F1 values in 
Test 2.  The results are also illustrated in Figure 4.17. 
 
Table 4.37 
Mean F1 values of the schwa in target words as a function of 
Repetition and Position in Test 2 
 
Note. SDs are enclosed in parentheses. 
Repetition / Position Initial Medial Final
Unrepeated 559 (83) 533 (76) 589 (72)
Repeated 
     Aud + Orth 546 (80) 537 (69) 580 (67)
     Aud + Orth 1 553 (103) 546 (84) 556 (57)
    Aud Only 574 (81) 518 (89) 556 (75)
Native Speakers 500 (129) 450 (72) 660 (150)
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Figure 4.17. Mean F1 value as a function of Repetition and Position in 
Test 2: Word-list reading. 
The statistical analyses of the F1 values in Test 2 were the same as 
those implemented for the duration ratio.  The analyses yielded a 
significant main effect of Position, p < .01, and no significant main 
effect of repetition or interaction was found between Repetition and 
Position (Table 4.38).  The F1 value in each position numerically 
deviated from the native norm. 
Table 4.38 
Results of a two-way ANOVA on Repetition and Position for the F1 
values in Test 2 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
These findings suggest that no repetition effect in terms of the F1 
values occurred in Test 2, during which the participants read aloud 
the target words (Table 4.39).   
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SS df     MS            Test
Positions 144037 2 72018.87   F = 11.3,    p <.001
Presentation 31648.16 3 10549.38   F = 1.668,  p = .173
Interaction 13379.4 6 2229.9   F = .353,   p = .908
Error 2941261.65 465 6325.29
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Table 4.39 
Summary of statistical analyses: F1 values in Test 2 
 
Note. “n.s.” indicates a non-significant effect. 
 
F2 values 
 Table 4.40 and Figure 4.18 present the descriptive statistics for 
the F2 values in Test 2.   
 
Table 4.40 
Mean F2 values of the schwa in target words as a function of 
Repetition and Position in Test 2 
 
Note. SDs are indicated in parentheses. 
	      Aud + Orth    Aud + Orth1   Aud Only
	   
Repeated:  Aud + Orth   
Repeated:  Aud + Orth 1   
Repeated:  Aud Only   
Repetition / Position Initial Medial Final
Unrepeated 1354 (151) 1336 (202) 1331 (176)
Repeated 
     Aud + Orth 1372 (229) 1347 (240) 1352 (143)
     Aud + Orth 1 1384 (206) 1363 (215) 1333 (140)
    Aud Only 1367 (200) 1345 (199) 1335 (191)
Native Speakers 1636 (205) 1511 (229) 1379 (393)
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Figure 4.18. Mean F2 values as a function of Repetition and Position 
in Test 2: Word-list reading. 
The F2 values in Test 2 were statistically analyzed in a manner 
identical to that adopted for the F1 values.  This analysis yielded a 
significant main effect of Position, p < .05 but not Repetition, p = .879), 
and no interaction was found between Repetition and Position, p 
= .999 (Table 4.41).   
Table 4.41 
Results of two-way ANOVA on Repetition and Position for the F2 
values in Test 2 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, Test = statistical analysis results. 
These findings suggest that the F2 values of schwa did not 
statistically differ across the four conditions, thus indicating no 
repetition effects (Table 4.42).  The F2 values in the initial and 
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SS df MS           Test
Positions 81761 2 40880.5     F = 1.038,    p < .05
Presentation 26528.1 3 8842.7     F = 0.225,   p = .879
Interaction 15870.33 6 2645.05     F = 0.067,   p = .999
Error 18348496.69 466 39374.45
Total 895000554 478 40880.5
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medial schwa numerically deviated from the native norm, but the 
participants generated an F2 value in the final schwa that was 
identical to the native norm, even without practice.  
Table 4.42 
Summary of statistical analyses: F2 values in Test 2 
 
Note. “n.s.” indicates a non-significant effect.  
Summary of  f indings on qual ity  in  Test  2   
     Similar to Test 1, Test 2 presented no significant repetition 
effects across the conditions, and the overall values of both F1 and F2 
frequencies extensively deviated from the native norm (except for F2 
in the final schwa).  Compared with the native norm [around 440–
500 Hz (640 Hz for final) for F1; around 1380–1630 Hz for F2], 
relatively higher F1 and lower F2 (around 500–590 Hz for F1; around 
1350 Hz for F2) values were derived, irrespective of the conditions in 
Test 2.  These values are similar to those for the Japanese vowel [a] 
(for F1, 782 Hz; for F2, 1107 Hz) (Imaishi, 1997), 54  indicating 
negative transfer of L1 phoneme–grapheme correspondences, wherein 
each letter corresponds to a sound.  Note that the discussion of 
quality is concluded here without reference to research question 4 
(the effect of timing at which orthography is presented) given that no 
significant effect was found in the four conditions. 
                                                      
54 To obtain the lower male voice pitch, the values from the female 
counterpart were reduced by 20%. 
	      Aud + Orth    Aud + Orth1   Aud Only
	   
Repeated:  Aud + Orth   
Repeated:  Aud + Orth 1   
Repeated:  Aud Only   
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4 .3 .8  Chapter  4 .3  Conclusion and Further  Study  
     To summarize, this section presents the main findings of 
Experiment 2 and explores significant limitations that warrant 
further study. 
4 .3 .8 .1  Summary of  f indings 
     The present study is unique in terms of investigating the effects 
of orthography on L2 pronunciation in several aspects: Firstly, the 
investigation of English schwa (the ratio of the duration of schwa to a 
stressed vowel and the quality of the schwa pronunciation) produced 
by Japanese speakers is interesting because Japanese speakers of 
phonologically transparent orthographies tend to rely on orthographic 
forms (Erdener & Burnham, 2005).  Secondly, contrary to much of 
the previous research, the current study sheds light on the 
orthographic effect within the framework of training that involves the 
immediate repetition of auditory words and consideration of the 
amount and timing of the orthographic input.  This allows us to 
examine L2 pronunciation improvement from the view of the 
development of representations in the mental lexicon. Also, the 
different elicitation tasks that affect the orthographic effect were 
employed in Test 1 (auditory word repetition) and Test 2 (word list 
reading) to examine how representation formed in the study phase is 
accessed and retrieved by triggering with different tasks.  These 
investigations should contribute to future research by assisting in the 
exploration of the roles of orthographic information in L2 
phonological development and by providing suggestions for more 
effective L2 pronunciation learning.  
     Table 4.43 provides a summary of the findings of Experiment 2.   
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Table 4.43  
Summary of the findings of Experiment 2 
 
Note. Duration ratio is defined as the ratio of duration of schwa to a 
stressed vowel in a word.  F1 and F2 stand for the first and second 
formant frequencies of schwa.  The symbol “○” indicates the 
occurrence of the repetition effect; otherwise, the symbol “×” is 
written. 
 
In the following, the findings are summarized in accordance with the 
Research Question (1), (2) and (3).  
(1) Do Japanese speakers pronounce target-like English schwa more 
accurately in auditory word repetition tasks (i.e., Test 1) than in word 
list-reading tasks (e.g., Test 2) under an unrepeated condition?  
     Yes.  The result clearly confirmed the negative orthographic 
effect on the pronunciation of the target schwa in the task of word-list 
reading. 
 
(2)Does orthographic information from the beginning of the training 
hinder the improvement in pronunciation of the English schwa in 
tasks involving intensive repetition of auditory words when 
improvement is examined in Test 1 (auditory word repetition) and 
     Schwa Repetition types Test 1(auditory word repetition) Test 2 (word-list reading)
Duration ratio Aud + Orth × ○
Aud + Orth 1 ○ ×
Aud Only ○ ○
Quality (F1/F2) Aud + Orth ×
Aud + Orth 1 ×
Aud Only ×
The$overall$F2$values$
of$ﬁnal$schwa$are$
iden5cal$to$the$na5ve$
norm
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Test 2 (word-list reading)?  
      The results revealed that the effect of orthography depends on 
the task types in the test phase.  In Test 1 (auditory word repetition), 
orthographic information from the beginning of the course of learning  
(Aud + Orth) negatively influenced the pronunciation of schwa (in the 
both quality and duration ratio).  In Test 2 (word-list reading), the 
inclusion of orthographic input in the auditory word repetition in the 
study phase (Aud + Orth) facilitated the pronunciation of English 
schwa to a certain extent in terms of duration ratio, indicating that 
orthography does not always interfere with L2 pronunciation 
learning.   
 
(3) Does the presentation of the orthographic information of words 
after intensive auditory input facilitate Japanese speakers’ learning 
of the English schwa pronunciation when improvement is examined in 
Test 1 (auditory word repetition) and Test 2 (word-list reading)? 
     The results were different between the Test 1 and Test 2.  The 
one-time presentation of orthography after the intensive input of 
auditory words (Aud + Orth 1) resulted in same degree of 
improvement in schwa pronunciation than that achieved with the 
auditory input only (Aud Only) in terms of duration in Test 1.  In 
both conditions, a repetition effect similarly occurred.   
     By contrast, in Test 2, the final provision of orthography (Aud + 
Orth 1) interfered the acquisition of schwa pronunciation schwa 
(duration ratio), suggesting that greater orthographic input after 
intensive auditory presentation is necessary to more firmly link 
orthographic and phonological representations.   
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4 .3 .8 .2  Limitat ions and further  study 
     The value of this study lies in revealing that the availability of 
orthographic information in repetition training involving auditory 
words may diminish the learning effect in Japanese speakers learning 
to pronounce the English schwa.  Despite this contribution, certain 
limitations are worth noting.   
(1) Discovering other possible advantages and disadvantages of the 
use of orthographic information in L2 pronunciation training 
necessitates studies with longitudinal designs.  Factors such as 
participants’ L2 level, variances in syllable constituents, and 
meaningful contexts should be taken into account in future 
studies.   
(2) A comprehensive consideration of presentation timing and 
amount of orthographic input would engender intriguing findings.  
For instance, researchers can alternate between orthography and 
auditory input in each trial or between the first and second halves 
of a trial while keeping the amounts of orthographic and auditory 
input equal. 
Finally, overall, quality did not exhibit significant influence from the 
auditory word repetition practice in any of the conditions.  This issue 
is separately discussed in the summary of Experiments 1, 2, and 3. 
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4 .4  Experiment 3 :  Learners ’  Attention to  the Phonological  
Form of  Auditory Words 
4 .4 .1  Introduction to  Experiment 3 
     Experiments 1 and 2 examined how the amount (i.e., number of 
repetitions) and quality (i.e., word familiarity, word stress patterns) 
of input influence the facilitation of English schwa pronunciation by 
Japanese speakers in tasks that involve immediate repetition of 
auditory words.  The durational aspect of schwa significantly 
improved, but the same was not achieved for quality.  In the previous 
experiments, the auditory words were left in their original form.  In 
Experiment 3, however, raising learners’ awareness of the target 
sound was an important goal; thus, auditory word stimuli were 
acoustically manipulated to direct the learners’ attention toward a 
certain feature that is expected to facilitate improvement in the 
quality and duration of schwa pronunciation.        
     Several instructional techniques are designed to increase 
learners’ awareness of a target item in input (i.e., input enhancement) 
provided during L2 pronunciation teaching.  Many L2 pronunciation 
studies reported that input enhancement through the explanation of 
rules and provision of feedback on target features can advance the 
acquisition or processing of L2 sounds (e.g., Akita, 2005; Derwing & 
Munro, 2005; Venkatagiri & Levis, 2007; Moyer, 1999; Saito & Lyster, 
2012; Saito, 2013; Sheen, 2006).  Conversely, L2 pronunciation 
studies on input enhancement by acoustic modification of input have 
yet to be extensively conducted; in such modification, learners are 
expected to attend to specific features (i.e., one type of enhanced 
positive input).  Investigation into pronunciation practice with 
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acoustically manipulated input is expected to reveal the specific 
phonetic/phonological features of auditory input that learners can pay 
attention to and absorb to acquire a particular sound.  Explorations 
of this type can contribute to elucidating the mechanism that 
underlies L2 speech processing and to formulating specific 
pedagogical recommendations.  Using acoustically modified auditory 
words (i.e., enhanced syllables), the present study examined L2 
pronunciation improvement during immediate repetition tasks that 
focused on the English schwa (duration and quality) pronunciation 
produced by Japanese speakers.  The findings are discussed on the 
basis of the phonological processing featured in the model of L2 
speech production. 
4 .4 .2  Background  
     Several strategies can be used to guide learners’ attention 
toward the target features in input provided during L2 pronunciation 
teaching.  Examples of such approaches include explicitly drawing 
attention to errors in learners’ productions (e.g., Akita, 2005; Derwing 
& Munro, 2005); providing metalinguistic feedback (e.g., De Bot, 
1983; Hardison, 2005; Hincks & Edlund, 2009); recasting (Saito & 
Lyster, 2012; Saito, 2013; Sheen, 2006; Venkatagiri & Levis, 2007); 
directing attention to acoustic or auditory information in input 
(Trofimovich, 2005); and externally modifying L2 input (i.e., 
manipulation of text, visual representation, or sound) (e.g., Van Loon, 
2009; Iverson, Hazan, & Bannister, 2005).  In what follows, a brief 
overview of related studies is provided.  
     With reference to the explicit instruction of pronunciation rules, 
Akita (2005) carried out classroom-based research and found that 
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prosodic instruction effectively improves mastery of prosodic elements, 
such as rhythm, assimilation, linking, and segmental aspects.  
Derwing and Munro (2005) argue that students can refine their 
pronunciation when phonological form is explicitly taught because 
unequivocal instruction motivates learners to observe the differences 
between their own productions and those of proficient speakers (p. 
388).  Similarly, Venkatagiri and Levis (2007) contend that explicit 
instruction can contribute to developing learners’ phonological 
knowledge.   
     With respect to corrective feedback and recasting, Moyer (1999) 
found that learners benefit from phonological feedback on stress, 
rhythm, and intonation.  Saito (2013) and Saito and Lyster (2012), 
who examined the /r/ sound produced by Japanese learners of English, 
reported that “partial recasts” (Sheen, 2006) are an effective feedback 
method for pronunciation teaching in a classroom setting; instructors 
adopt recasting to reformulate learners’ mispronunciation.              
     A number of studies have documented that visual feedback 
presented through computers is advantageous to L2 
pronunciation learning.  De Bot (1983) discussed the effectiveness 
of presenting intonation on a computer display for Dutch learners of 
English, and Hardison (2004) recently reported on the benefit of using 
computers to display pitch simultaneously with learners’ L2 French 
production as a form of feedback. 
     As a method of eliciting attention to the input of auditory words, 
Trofimovich (2005) directed learners’ concentration toward the 
acoustic or semantic information available in auditory words during 
auditory repetition practice.  The participants were asked to rate 
subjective word clarity under auditory conditions and evaluate 
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pleasantness of word meaning under semantic conditions, both on a 
7-point scale.  The results show that learners’ attention to auditory 
information enables them to exploit important phonological 
information from input, thereby facilitating L2 word processing 
(response latency for repeated words).  Trofimovich (2005) argued 
that this speech processing facilitation promotes L2 pronunciation 
improvement.  
     Relatively few studies have employed manipulation of L2 input 
as a strategy for teaching L2 pronunciation; in this approach, the 
degree of salience of certain features in the input is modified to 
produce specific learning outcomes.  Van Loon (2009) proposed that 
writing the stressed words in a sentence in uppercase letters (e.g., 
The AGREEMENT would REQUIRE…) improves learners’ 
pronunciation.  Meanwhile, distinguishing between the English /r/ 
and /l/ sounds is an ability that Japanese learners of English find 
difficult to grasp (e.g., Miyawaki, Strange, Verbrugge, Liberman, 
Jenkins, & Fujimura, 1975).  With focus on this issue, Iverson, 
Hazan, and Bannister (2005) investigated the effect of acoustically 
modified speech on L2 phonological development by using three 
methods in which natural speech is manipulated by signal processing.  
The methods adopted were enhancement (with the third formant 
frequency; henceforth, F3 contrast maximized and closure duration 
lengthened); perceptual fading (with gradual movement from 
enhanced F3 to a reduced one during training); and secondary cue 
variability (with variation in F2 and durations increased during 
training).  The F3 frequency of /l/ and /r/ and closures are acoustic 
features that are necessary for learners to distinguish /l/ from /r/, to 
which Japanese listeners are less sensitive.  The F2 frequency and 
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durations that they tend to be overly sensitive to interfere in the 
distinction between the two consonants.  The results show that the 
three acoustic enhancement techniques are equally effective in 
improving /r/–/l/ identification by Japanese listeners. 
     In summary, researchers have devoted more substantial efforts 
to input enhancement in L2 instruction/learning, wherein explicit 
instruction or feedback is provided, than to directing learners’ 
attention to particular linguistic items in L2 phonetic input (e.g., 
Iverson et al., 2005; Trofimovich, 2005).  The latter type of study 
differs from the former in the manner by which learners’ attention is 
shepherded toward certain acoustic features.  In Trofimovich’s 
(2005) study, the participants were instructed to attend to auditory 
information while listening to L2 words and rating word clarity; that 
is, they were not directed to focus on specific acoustic cues of the L2 
input.  Conversely, Iverson et al. (2005) manipulated the acoustic 
cues of auditory words that are critical for learning target sounds.       
     Similar to Iverson et al. (2005), the present study modified the 
acoustic features of auditory words to sharpen the Japanese learners’ 
pronunciation of the English schwa.  Iverson et al. (2005) 
manipulated the F3 and F2 frequencies, closures, and duration of the 
/l/ and /r/ sounds.  By contrast, the current work did not directly 
modify schwa because the sound is very short in length and weak in 
intensity.  It also varies in quality, depending on the sounds adjacent 
to it.  These features pose difficulties in acoustically manipulating 
schwa for pronunciation enhancement.  To compensate for this 
obstacle, a short pause was inserted between the syllables of a word to 
increase syllabic prominence, thereby inducing learner awareness of 
the target sound.  Because an English syllable that contains a schwa 
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is generally characterized by alternation between strong and weak 
syllables (Cutler, 1994), syllabic awareness is important for L2 
learners to acquire the English schwa. 
     Despite these measures, however, the differences between the 
basic phonological unit of English (i.e., syllables) and that of Japanese 
(i.e., moras, (C)V plus a syllable-final nasal and the first part of a 
geminate) (Shibatani, 1990; Vance, 1987) present challenges to the 
recognition of English syllables by Japanese speakers (e.g., Ishikawa, 
2002; Tajima, Tajima & Erickson, 2001).  An especially crucial 
requirement, therefore, is for Japanese speakers to develop a 
thorough understanding of English syllables. 
     When perceptually enhanced syllables are immediately repeated 
in presented auditory words, learners are expected to take note of at 
least two components of phonetics/phonology: (1) the syllable as a 
phonological unit and (2) the phonetic features of syllables (i.e., 
duration and quality).  The succeeding section discusses whether the 
participants in the current work were sensitive to these linguistic 
items and whether or not they improved their pronunciation of schwa 
in terms of duration ratio and quality.  
 
4 .4 .3  Research Questions     
     The main objective of this study was to investigate whether 
Japanese learners’ attention to the syllables of auditory words during 
repeated practice can facilitate their pronunciation of the English 
schwa by improving the ratio of duration of schwa to the stressed 
vowel in a word (henceforth, duration ratio) and the quality of 
pronunciation.  The outcomes were measured by auditory word 
repetition (Test 1) and word-list reading (Test 2).  
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4 .4 .4  Method 
4.4 .4 .1  Part ic ipants  
     Eighteen Japanese university students (12 female and 6 male), 
aged 19 to 21, participated in the present study.  All were native 
speakers of Japanese.  Their English level was intermediate, ranging 
from TOEIC 400 to 700 (i.e., CEFR A2 and B1 levels).  They were 
paid for their participation.  In addition, two male native speakers 
of English, instructors of English as a foreign language at Japanese 
universities, participated in the present study.  One was from Boston, 
U.S., and the other, from Hawaii, U.S.  Their productions of schwa 
were used as the pronunciation norm. 
4 .4 .4 .2  Materials  
     Sixteen low-frequency words selected from the MRC 
Psycholinguistic Database55  and 17 pseudowords were selected to 
eliminate semantic influence from the stimuli; the existence of schwa 
in the database was confirmed via consultation of a dictionary 
(Merriam-Webster Dictionary and Thesaurus, 
http://www.merriam-webster.com/) (Table 4.44).  The selected words 
included 26 trisyllabic (CVCVCVC) and 6 disyllabic (CVCVC) words, 
with schwa spelled as either <o> or <a> and occurring in initial, 
medial, and final syllables.  Words with schwa spelled as <o> or <a> 
were chosen because the sound occurs most frequently in these two 
vowels (Cruttendern, 2014, p. 138).  All the words were read by the 
same US-accented female speaker, Kate, and recorded using the 
text-to-speech software, Global Voice English Lite 2 (Hoya Service 
Corporation).   
                                                      
55 Hosted by the University of Western Australia: 
http://websites.psychology.uwa.edu.au/school/MRCDatabase/uwa_mrc.htm 
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Table 4.44 
Materials 
 
Note. The italicized stimuli indicate the words from the MRC 
Psycholinguistic Database, and the rest are pseudowords.  The 
letters in bold indicate the schwa’s positions. 
 
The phonetic information of the auditory word stimuli is presented in 
Table 4.45. 
 
Table 4.45 
Phonetic information of the auditory word stimuli (male voice)  
 
 
Note: Duration ratio (ms) and the values of the F1 and F2 frequencies 
(Hz) as a function schwa positions. 
 
 List 1 List 2  List 3
Initial boracic solicit boloney
  cadaver galenic tanonic
palaver satanic ponemic
gidower jacobin caporal
depanal depagon macador
bacaney disavol decapod
benison telamon celadon
casadom pomedom halidom
macapam geanepan helical

Final pacoon caboose camoote
saicak diatom marbon
Trisyllabic words: CVCVCVC
Medial
Final
Bisyllabic words: CVCVC
Phonetic features Initial Medial Final
Duration ratio 0.42 0.56 0.67
The first formant frequency (F1) 804 717 856
The second formant frequency (F2) 1867 1676 1879
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     The stimulus presented in each trial consisted of either an intact 
word + a pause-inserted word (e.g., ‘gidower’ /gɪdəʊə/ + ‘gi’ /gɪ/ — ‘do’ 
/də/ — ‘wer’/ʊə/) or an intact word + the same intact word (e.g., 
‘gidower’ /gɪdəʊə/ — ‘gidower’ /gɪdəʊə/) (Figure 4.19).  To attract 
the participants’ attention to schwa in a word, a 1-second pause was 
inserted between the syllables by using Audacity 2.0.3 (Mazzoni & 
Dannenberg, 2013). 
 
Figure 4.19. A sample stimulus ‘gidower’ — ‘gi-do-wer,’ with a 
1-second pause inserted between syllables and a 1.5-second pause 
inserted between the words, using Audacity 2.0.3.  For this figure, 
the acoustic information of the stimuli is shown in Praat 5.3.65. 
 
     To counterbalance the experimental materials, the 33 words 
were divided into three lists called List 1, 2, and 3.  Each set was 
designed to have only disyllabic words and schwa in each of the initial, 
medial, and final positions.  Using Lists 1, 2, and 3, three versions 
were created.  In one version, for instance, List 1 was for no-study, 
List 2 for the repetition of intact words, and List 3 for the repetition of 
pause-inserted words; the other versions varied correspondingly.  
The 18 participants each used one of the three versions.  
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4 .4 .4 .3  Procedures 
     The experiment consisted of study and test phases.  In the study 
phase, 22 words from 33 word stimuli were used.  Half of the 22 word 
stimuli were intact and the other half were manipulated ones.  As 
stated in the preceding section, an intact stimulus is characterized by a 
succession of the same intact word (an intact word + the same intact 
word), whereas a modified version comprises a sequence of an intact 
word + a modified word.  The 22 stimuli were presented 4 times each, 
totaling a presentation frequency of 88 times.  The participants were 
instructed to immediately repeat the words right after they were 
presented.  To ensure that the participants paid attention to all the 
stimuli, they were asked to indicate on a form whether the words in 
question have the /t/ sound.  The stimuli were presented at 1-second 
intervals with Superlab 4.0 (Cedrus Corporation, 2006).   
     After working on an arithmetic calculation for 10 minutes to 
clear their short-term memory and to create an interval between the 
study and test phases of the experiment.  The participants were 
initiated into the test phase, during which they were asked to repeat all 
the 33 words (heard and unheard) as quickly as possible after the 
acoustic presentation of each word (Test 1: auditory word repetition).  
They were also instructed to read aloud the same words that were 
orthographically presented in a word list (Test 2: word-list reading).   
     The words were randomized for each participant in the study and 
test phases to minimize order effects.  The experiment was conducted 
individually in a quiet room.  Each participant spent about 30–40 
minutes completing the experiment.  
     The native speakers of English were asked to read aloud the 33 
auditory word stimuli from the list.  Their productions were recorded 
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using Audacity 2.0.5 (2013) with a sampling rate of 44 kHz. 
 
4 .4 .4 .4  Analysis  
     Only the words repeated correctly by the participants were used 
for the analysis: Those with incorrect repetitions elicited in Test 1 
(5%) or Test 2 (35%) were excluded.  The reason for the high error 
ratio in Test 2 was incorrect stress assignment by the participants, 
which occurred since the position of the stressed syllable was not 
indicated in the word list for the read-aloud task.  The outliers were 
identified (1.48% of the data for the duration ratio in Test 1; 2.5% 
of the data for the duration ratio in Test 2; no outliers for the F1 
and F2).  The criterion for outliers in the data set was that they 
had more than double the average in each position of schwa in a 
word.  Identified outliers identified for the duration ratio were 
replaced by the average value for schwa in each position.  
     In the analysis, the duration ratios were acoustically analyzed 
and compared among intact words, modified words, and unrepeated 
words.  If the duration ratio of repeated words is significantly 
smaller than that of unrepeated words, approaching the native norms, 
it can be assumed that a training effect is obtained.  For the quality 
aspect, the numerical values of F1 and F2 were normalized for the 
spectral analysis of the target vowels and schwa to avoid the effect of 
the participants’ different vocal tract lengths.  All the formant 
values were normalized to one female native speaker, referring to the 
average F3 of [æ] in ‘halidom’ /hælɪdəm/ (see Lee et al., 2006).  The 
mean F3 of this speaker was taken as the norm and was divided by 
the mean F3 for each participant.  Then, the formants for each 
speaker were multiplied by the factor derived from their own F3.  It 
  237 
was assumed that the repetitive effect is obtained if the F1 and F2 
values of schwa are significantly different from those of unrepeated 
words, in the direction closer to the native norms. 
 
4 .4 .5  Results  and Discussion  
     This section presents the results and discussion of the duration 
ratio and quality (F1 and F2 values). 
4 .4 .5 .1  Results  and discussion on duration rat io 
Duration rat io  in  Test  1(auditory word repetit ion)  
     Table 4.46 shows the descriptive statistics for the duration ratio 
in Test 1, and Figure 4.20 illustrates them for easy understanding.  
Table 4.46 
Duration ratios (ms) for unrepeated and repeated words and as a 
function of position and repetition in Test 1  
 
 
 
 
Note. SDs are enclosed in parentheses. 
 
 Repetition / Position Initial Medial Final
Unrepeated 0.56 (0.28) 0.61 (0.30) 0.64 (0.19)
Repeated 
Repeated: without attention 0.49 (0.19) 0.68 (0.27) 0.72 (0.29)
Repeated: with attention 0.44 (0.16) 0.54 (0.22) 0.63 (0.21)
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Figure 4.20. Mean duration ratio in Test 1.    
     To assess the effects of repetitive practice on the learners’ 
pronunciation of the English schwa, the duration ratio data from Test 
1 were analyzed by a two-way ANOVA, with Repetition (Unrepeated, 
Repeated with Attention, Repeated without Attention) and Position 
(position of schwa in initial, medial, and final syllables; hereafter, 
initial, medial, and final56) as the within-participant factors.  This 
analysis revealed a significant main effect of Repetition, p < .05, η2p 
= .016 and marginally significant main effects of Position, p <. 001, 
η2p = .077.  No significant interaction was found between Repetition 
and Position, p > .05 ( Table 4.47).   
 
 
 
 
 
                                                      
56  For the statistical analysis, the schwa’s position within a word was 
considered even though this factor was not referred to in the research 
questions.  This decision was made because the duration ratio varies in 
accordance with a schwa’s position within a word. Thus, to avoid setting off 
a learning effect due to different duration ratios, the position required 
incorporation into the analysis. 
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Table 4.47 
Results of two-way ANOVA on Position and Repetition  
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, F = F-value.  
     With regard to the further analysis for repetition, the post-hoc 
test revealed significant differences between No-repetition and 
Repetition with Attention, p < .05, d = 0.27 (a small-sized effect) and 
between Repeated with Attention and Repeated without Attention, d 
= 0.26, p < .05 (a small-sized effect).  No significant difference was 
found between Unrepeated and Repeated without Attention, p > .05, d 
= 0.1; almost no effect).  Note that the overall duration ratio obtained 
in Repetition with Attention was the one numerically closest to the 
native norm.   
     These findings suggest that the overall duration ratio obtained 
under the condition featuring repeated auditory words with attention 
from the participants was significantly smaller than those obtained in 
Unrepeated and Repeated without Attention.  In other words, 
improvement in schwa pronunciation in terms of duration ratio was 
higher in Repetition with Attention than in Repetition without 
attention. 
 
 
SS df MS     Test
Position 2.268 2 1.134  F=19.279, p <.001
Repetition 0.457 2 0.228  F= 3.88, p <.05
Interaction 0.359 4 0.09  F = 1.527, p = 0.193
Error 27.358 465 0.059
Total 191.607 474
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Duration rat io  in  Test  2  (word- l ist  reading)    
     The mean duration ratios are presented in Table 4.48 and 
Figure 4.21. 
 
Table 4.48 
Duration ratio (ms) as a function of position and repetition in Test 2 
 
Note. SDs are indicated in parentheses.   
 
Figure 4.21. Mean duration ratio in Test 2.  
     The duration ratio data were submitted to a two-way ANOVA, 
with Repetition and Position as the within-participant factors.  This 
analysis yielded significant main effects of Repetition, p < .05, η2p = 
0.023 and Position, p < .001, η2p = 0.142 but no significant interaction 
between Repetition and Position, p > .05 (Table 4.49).   
 
 
 
Repetition / Position Initial   Medial Final
Unrepeated 0.64 (0.42) 0.78 (0.25) 1.01 (0.40)
Repeated: without attention 0.58 (0.25) 0.67 (0.32) 0.93 (0.44)
Repeated : with attention 0.58 (0.21) 0.61 (0.28) 0.84 (0.35)
NS 0.44 0.57 0.56
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Table 4.49 
Results of two-way ANOVA on Position and Repetition 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, F = F-value.  
     As an additional analysis of the main effect of Repetition, a 
post-hoc test was conducted.  The test revealed a significant 
difference between No-repetition and Repetition with Attention (p 
< .05, d = 0.35; small-sized effect) and between No-repetition and 
Repetition without Attention, p = .0142, d = 0.22 ( a small-sized effect).  
No significant difference was found between Repetition with 
Attention and Repetition without Attention, p = 0.62, d = .11 (almost 
no effect).  The overall duration ratio obtained in Repetition with 
Attention was the value numerically closest to the native norm. 
    These findings suggest that the overall duration ratios obtained 
for the repeated auditory words with and without attention were 
significantly smaller than those obtained for the unrepeated words; 
that is, the former were closer to the native norm.  These results 
imply that the repetition of auditory words effectively improved the 
participants’ pronunciation of schwa, although the advantage 
presented by attention to syllables was not observed in the word-list 
reading task. 
 
SS df MS     Test
Position 7.263 2 3.632 F = 29.07, p <.05
Repetition 1.02 2 0.51 F= 4.08, p <.001
Interaction 0.129 4 0.032 F = 0.259, p  =.904
Error 43.715 350 0.125
Total 269.519 359
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4 .4 .5 .2  Results  and discussion on qual ity   
F1 values in  Test  1  (auditory word repetit ion)  
     Table 4.50 and Figure 4.22 present the descriptive statistics for 
the F1 values.   
 
Table 4.50 
Mean F1 values of schwa (Hz) as a function of position and repetition 
in Test 1 
 
Note. SDs are indicated in parentheses. 
 
Figure 4.22. Mean F1 values of schwa in Test 1. 
 
     The data from Test 1 were subjected to a two-way ANOVA, 
which yielded a significant effect of Position, p < .01, η2p = 0.019.  No 
significant effects were found for Repetition, p > .05, η2p = 0.004 or for 
the interaction between Repetition and Position, p > .05, η2p = 0.002 
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(Table 4.51).  The findings indicate that no repetition effect in terms 
of F1 values occurred in any of the conditions for the auditory word 
repetition task.  The overall F1 values were higher than the native 
norm.  
Table 4.51 
Results of two-way ANOVA on Position and Repetition 
 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, F = F-value.  
F2 values in  Test  1  (auditory word repetit ion)  
     Table 4.52 and Figure 4.23 show the descriptive statistics for 
the F2 values of schwa in Test 1.  
 
Table 4.52  
Mean F2 values of schwa (Hz) as a function of position and repetition 
in Test 1 
 
Note. SDs are enclosed in parentheses. 
 
Repetition / Position Initial   Medial Final
Unrepeated 1964 (407) 2185 (382) 1993 (390)
Repeated: without attention 1959 (389) 1959 (353) 2075 (403)
Repeated : with attention 2009 (443) 2177 (427) 1917 (419)
NS 1671 1860 1772
SS df MS     Test
Position 411131.33 2 205565.66 F= 5.339, p <.005
Repetition 74764.631 2 37382.315 F= 0.971 p =.379
Interaction 40437.539 4 10109.385 F = 0.263, p =.902
Error 21139506 549 38505.476
Total 280925903 558
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Figure 4.23. Mean F2 values of schwa in Test 1.  
     This analysis yielded a significant main effect of Position (p 
< .05, η2p = 0.019) and a significant interaction between Repetition 
and Position, p < .01, η2p = 0.028.  No significant effect of Repetition 
was found, p > .05, η2p = 0.003 (Table 4.53).   
 
Table 4.53 
Results of two-way ANOVA on Position and Repetition 
 
 
 
Note.  SS = sum of squares, df = degrees of freedom, MS = mean 
squares, F = F-value.  
     In a further analysis of interaction, the post-hoc test revealed 
significant effects between Repeated without Attention and 
Unrepeated on the medial schwa, p < .05, d = 0.62 ( a medium-sized 
effect) and between Repeated without Attention and Repeated with 
Attention on the medial schwa, p < .05, d = 0.56 (a medium-sized 
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   SS df MS     Test
Positions 1711405.658 2 855702.829    F = 5.245, p < .01
Presentation 248471.628 2 124235.814    F = 0.761, p = .467
Interaction 2552100.144 4 638025.036    F  = .911, p <.005
Error 89736154.28 550 163156.644
Total 2376616891 559
  245 
effect).  No significant effects of Repeated with Attention and 
Unrepeated were found, p > .05.  The findings suggest that the F2 
value of the medial schwa was smaller in the words repeated without 
attention to syllables than in those repeated with attention and 
without repetition.  This value was therefore the closest to the native 
norm—a proximity enabled by the repetition practice.  The overall 
F2 values were numerically higher than the native norm, regardless 
of practice conditions. 
 
Summary of  F1 and F2 values in  Test  1   
     As with the results on the F1 value of schwa, those for the F2 
value revealed that irrespective of whether the participants attended 
to the syllables of the repeated auditory words, pronunciation did not 
improve and that the overall F1 values numerically deviated from the 
native norm.  Unexpected results were obtained for the F2 value: 
The participants improved their pronunciation of the medial schwa 
when they repeated without paying attention to the syllables.  This 
effort brought the F2 value closest to the native norm.  The same did 
not occur at the instance when the participants repeated with focus on 
the syllables.  We can therefore conclude that in terms of the F1 and 
F2 values, the participants did not maximize repeated exposure to 
auditory words where syllables were acoustically enhanced; the 
possible cause of this behavior is explained in the later section (see 
4.5). 
     Another noticeable finding was that the overall F1 values (663, 
684, and 691 Hz for Unrepeated, Repeated without Attention, and 
Repeated with Attention, respectively) and F2 values (2047, 1997, and 
2034 Hz, respectively) were relatively higher than the native norm 
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(F1 = 549 Hz , F2 = 1768 Hz).  In Experiments 1 and 2, the higher F1 
and lower F2 values were typically observed in the schwa sound 
spelled as <a> or <o>.  This observation indicates that the 
participants transferred the characteristics of Japanese low back 
vowels [a] or [o] to L2, both in the auditory repetition and word-list 
reading conditions.  In Experiment 3, however, a contrasting 
tendency was evident.  The relatively high values of F1 and F2 
indicate closeness to the Japanese mid-front vowel [e] (F1 =510 Hz, F2 
= 2509 Hz; Imaishi, 1997) and to the English mid front-vowel [e] (F1 = 
600 Hz, F2 = 2350 Hz; Peterson & Barney, 1952).  This result 
suggests that the participants misperceived schwa as [e] and 
mispronounced it as they read the target words.  This phenomenon is 
difficult to interpret, but we can speculate that this unexpected result 
reflects a development stage of schwa acquisition by the participants, 
whose language does not possess a mid-central schwa in the vowel 
space.  Further research is necessary to resolve this issue.  
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F1 values in  Test  2  (word- l ist  reading)  
     Table 4.54 and Figure 4.24 indicate the descriptive statistics for 
the F1 values in Test 2.   
Table 4.54 
Mean F1 values of schwa (Hz) as a function of position and repetition 
in Test 2 
 
 
 
Note: SDs are enclosed in parentheses. 
 
 
Figure 4.24. Mean F1 values of schwa in Test 2.   
     The data from Test 2 were submitted to a two-way ANOVA, 
which  yielded a significant effect of Position, p < .001, η2p = 0.052.  
No significant effects were found for Repetition, p > .05, η2p = 0.011 or 
for the interaction between Repetition and Position, p > .05, η2p = 
0.013 (Table 4.55).  The findings indicate that no repetition effect in 
terms of F1 values occurred in any of the conditions in the read-aloud 
827 800 
912 
719 740 704 
808 
839 
712 
400 
500 
600 
700 
800 
900 
1000 
Initial    Medial Final 
F1
 (H
z)

Unrepeated 
Repeated: without 
attention 
Repeated : with 
attention 
NS 
Repetition / Position Initial   Medial Final
Unrepeated 827 (177) 700 (156) 912 (155)
Repeated: without attention 719 (171) 696 (138) 793 (209)
Repeated : with attention 740 (168) 704 (195) 808 (191)
NS 839 712 797
  248 
task.  Note, however, that in all the conditions, the F1 values were 
relatively similar to the native norm.  
Table 4.55 
Results of a two-way ANOVA on Position and Repetition 
 
Note. SS = sum of squares, df = degrees of freedom,  
MS = mean squares, F = F-value.  
F2 values in  Test  2  (word- l ist  reading)  
    Table 4.56 and Figure 4.25 present the descriptive statistics for 
the F2 values in Test 2.   
Table 4.56 
Mean F2 values of schwa (Hz) as a function of position and repetition 
in Test 2 
    
 
 
 
Note. SDs are indicated in parentheses. 
 
   SS df MS     Test
Positions 532845.041 2 266422.521    F = 8.542, p =.000
Presentation 104905.646 2 52452.823    F = 1.682, p =.188
Interaction 126409.714 4 31602.428    F  = 1.013, p =.401
Error 9638002.161 309 31190.946
Total 193137543.3 318
Repetition / Position Initial   Medial Final
Unrepeated 1754 (335) 1828 (479) 1676(459)
Repeated: without attention 1753 (335) 1868 (442) 1705 (450)
Repeated : with attention 1661 (261) 1874 (377) 1779 (476)
NS 1581 1542 1573
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Figure 4.25. Mean F2 values of schwa in Test 2.  
     The data from Test 2 were analyzed by a two-way ANOVA, 
which revealed a significant effect of Position, p < .05, η2p = 0.027.  
No significant effects were found for Repetition, p > .05, η2p = 0.092 or 
for the interaction between Repetition and Position, p > .05, η2p = 
0.070 (Table 4.57).  Similar to the F2 values in Test 1, the F2 values 
here were generally higher than the native norm, indicating that no 
repetition effect in terms of F2 values occurred in any of the 
conditions in the read-aloud task. 
Table 4.57 
Results of a two-way ANOVA on Position and Repetition  
 
 
 
 
Note. SS = sum of squares, df = degrees of freedom, MS = mean 
squares, F = F-value.  
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   SS df MS     Test
Positions 1264849.87 2 632424.935    F = 3.638, p  =.027
Presentation 26058.038 2 13029.019    F =0.075, p = .928
Interaction 376588.687 4 94147.172    F = 0.542, p  =.705
Error 53373787.57 307 173855.986
Total 1043097611 316
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Summary of  F1 and F2 values in  Test  2  
     In terms of the F1 values of schwa, the findings demonstrate 
that the values were somewhat close to the native norm: The medial 
and final schwas in the repeated conditions were identical to the 
native norm, regardless of whether the participants paid attention to 
the words; the value of the initial schwa in the unrepeated condition 
was close to the native value.  Conversely, as for the F2 value of 
schwa, pronunciation did not improve, and the F2 values generated in 
all the conditions were higher than the native norm.  This occurrence 
mirrors the tendency observed in Test 2.  The higher F2 value 
suggests that the target schwa was articulated at the relatively 
frontal position in a vowel space compared with the native 
pronunciation.  This tendency is difficult to explain, even with the F1 
and F2 values taken together, because no Japanese full vowels closely 
match the F1 and F2 values of the schwa produced by the participants.  
The inconclusive nature of the F1 and F2 values, again, may have 
stemmed from the fact that the participants’ schwa pronunciation 
proficiency is at the mid-stage of development.  
4 .4 .6  Discussion 
     The objective of this experiment was to examine whether 
English schwa pronunciation improved in Test 1 (auditory word 
repetition) and Test 2 (word-list reading) when the learners’ attention 
was directed to the syllables of the auditory words presented in the 
study phase.  To this end, the schwa pronunciation (in terms of 
duration ratio and quality) produced in the Unrepeated, Repeated 
without Attention, and Repeated with Attention conditions under 
Tests 1 and 2 were compared.  The main findings are indicated in  
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Table 4.58  
Summary of the findings of Experiment 3 
 
Note. Duration ratio is defined as the ratio of duration of schwa to a 
stressed vowel in a word.  F1 and F2 stand for the first and second 
formant frequencies of schwa.  The symbol “○” indicates the 
occurrence of the repetition effect; otherwise, the symbol “×” is 
written.  The symbol “” shows the repetition effect is significantly 
larger than that of the other repetition type. 
 
The results give rise to the following questions:  
! Why did the learners’ attention to the syllables of word 
stimuli effectively improve the pronunciation of the English 
schwa in terms of duration ratio in Test 1 but not in Test 2? 
! Why was the repeated practice with auditory words 
(with/without attention) more effective in improving duration 
than quality?      
 
     The first issue is discussed in this section, and the second is 
elucidated in the summary of Experiments 1, 2, and 3.  From a 
psycholinguistic perspective, the manner by which phonological 
processing in the model of L2 speech production may work in L2 
speakers is first introduced.  As shown in the model of bilingual 
speech production (Kormos, 2006, p. 168) (Figure 4.26), the basic 
steps in speech production are (1) phonological encoding, (2) phonetic 
     Schwa Repetition types Test 1(auditory word repetition) Test 2 (word-list reading)
Duration ratio 
	
	


	  ○
With Attention ○ ○
Quality (F1/F2) 
	
	


	 ×
With Attention ×
F2#medial#schwa#is#the#close#
to#the#the#na1ve#norm#

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encoding, and (3) articulation (articulator).  The succeeding 
explanations of these steps are based on Roelofs’ (1997b) WEAVER 
model of phonological encoding for monolinguals because basic 
mechanisms of phonological encoding do not differ between L1 and L2 
production (Kormos, 2006, p. 168). 
 
 
Figure 4.26.  The model of bilingual speech production.  Adapted 
from Speech production and second language acquisition, by J. 
Kormos, 2006, p. 168. Copyright 2006 by Lawrence Erlbaum 
Associates. 
 
 (1) Phonological encoding 
[a] “The first step in the phonological encoding process is 
accessing the metrical representation of phonological word, 
which contains information on the metrical structure of the 
word and the phonological segments that constitute it.” 
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[b] “The syllabification process, which is the next step, 
assigns the segments their position within the syllables based 
on the syllabification rules of the given language.” 
(2) Phonetic encoding 
“... metrical representations are used to set parameters for 
loudness, pitch, and duration, and the program is made 
available for the control of the articulatory movement.”   
(3) Articulation  
“… motor programs are retrieved from a store of learned 
program, which is called syllabary.  Syllables are produced 
as packages of scores for the articulatory movements to be 
made.  Scores also specify the gestures and their temporal 
relationship.”  
              (Roelofs, 1997b, excerpted from Kormos, 2006, p.110) 
 
Based on this model of speech production, the findings obtained in 
Test 1 and Test 2 in the present study are discussed below: 
 
4 .4 .6 .1  Test  1  (auditory repetit ion task)  
     In terms of duration ratio, the results indicate that the 
participants extensively improved their pronunciation only under 
repeated practice, with the syllables acoustically emphasized.  This 
finding leads us to hypothesize that in the study phase of the 
experiment, the participants may have exploited and stored the 
information of English phonological units, namely, the syllables and 
durational information of the strong (long) and weak (short) syllables 
prominent in the syllabified auditory words.  In the test phase, with 
the auditory input in Test 1 as the trigger, the phonetic/phonological 
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information stored in the participants’ memory (phonological 
representation) may have been easily accessed and retrieved, thus 
improving schwa pronunciation.  When these phenomena are 
incorporated into the phonological processing described in the 
preceding section, the process can be envisioned as featuring the 
smooth interaction of speakers with target-like stored information 
because of the repeated exposure to auditory words with enhanced 
syllables.  Such interaction would occur in phonological encoding 
(stage (1) Phonological encoding, item [b] The syllabification process,), 
which involves syllabification, and in phonetic encoding (stage (2) 
Phonetic encoding), which entails establishing phonetic information 
(especially duration). 
  
4 .4 .6 .2  Test  2  (word- l ist  reading)  
     In contrast to the findings obtained in the auditory word 
repetition task (Test 1), those derived during word-list reading (Test 
2) indicate that attention to the syllables of the auditory words in the 
study phase presented no advantages during the task.  This result 
may be attributed to the possible interference of word orthography in 
the Japanese learners’ access to the information accumulated (here, 
syllables and duration ratio) by repeated practice with acoustically 
enhanced words.  Such interference occurred because Japanese 
learners experience difficulty in segmenting words into syllables 
given the differences in L1 and L2 phonological units.  The 
assumption, therefore, is that in the phonological processing model, 
stage (1) Phonological encoding–item [b] The syllabification process, 
is the period at which the Japanese participants may have used a 
large amount of cognitive resources.  This allocation may have taken 
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away from the resources needed for stages (2) Phonetic encoding and 
(3) Articulation.57  In short, because the learners invested a greater 
proportion of cognitive resources in syllabifying words and assigning 
phonemes to syllables as they read words aloud (whether they had 
access to the stored information of syllables is unclear), they may 
have failed to allocate sufficient resources to controlling the 
durational information of syllables.  That is, they could not use the 
duration ratio information obtained through practice with attention. 
 
4 .4 .7  Chapter  4 .4  Conclusion and Further  Study 
     In summary, this section presents the main findings of 
Experiment 3 and provides the limitations that need further studies. 
 
4 .4 .7 .1  Summary of  f indings 
     The research problem addressed in this work was whether 
Japanese learners’ attention to the syllables of auditory words during 
immediate repetition practice can facilitate their pronunciation of the 
English schwa in terms of the duration ratio and vowel quality 
elicited by auditory word repetition and word-list reading (Tests 1 and 
2).  
    The core findings are as follows: 
(1) With regard to the ratio of duration of schwa to a stressed vowel 
of a word, significant improvement was observed in the 
pronunciation of the acoustically modified words in auditory word 
repetition.  This result confirms that the presentation of 
                                                      
57 Alternatively, in stages (1) and (2), the Japanese participants may have 
used substantial cognitive resources, thereby causing insufficiency in 
resources for stage (3) 
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auditory words with a pause inserted between syllables increases 
learners’ awareness of phonological information (syllables) and 
promotes their pronunciation learning of schwa in terms of 
duration.  That is, the phonetic (duration)/phonological (syllable 
units) information of spoken L2 words to which the participants 
paid attention was encoded and retrieved, thereby assisting 
subsequent spoken word production.  Despite this favorable 
result, however, the benefit of practice with attention was 
observed only in the auditory word repetition task and not in the 
read-aloud task, probably because of orthographic interference.   
(2) Contrary to the results on the rapid improvement in duration, the 
overall findings on quality are complex given that no practice 
effect was observed and because of the invariant F1 and F2 values 
in Tests 1 and 2.  Further investigations are necessary to 
comprehensively grasp the improvement in quality of English 
schwa pronunciation by Japanese speakers.  
 
4 .4 .7 .2  Limitat ions and further  study 
     The present study has shown that the effect of drawing 
attention to acoustically enhanced syllables in words during the 
repetition on the pronunciation improvement was observed only when 
the repetitive effect was examined by immediate auditory repetition 
of words, but not by reading words aloud.  The reason for this finding 
is still uncertain.  It is not clear that, as a result of the repetitive 
training, the learners in the present study became able to segment 
the words into syllables (i.e., phonological encoding stage in the 
speech production model, Kormos, 2006, p 168); however, they could 
not effectively assign the duration or quality (i.e., phonetic features) 
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in the next stage (i.e., phonetic encoding stage, Kormos, 2006, p 168).  
Alternatively, in the first place, they were interfered with the 
difficulty of segmenting the words into syllables when reading words 
aloud, as this segmentation of words (here, written words) has been a 
well-known challenge for Japanese learners of English (e.g., 
Akamatsu, 1998; Ishikawa, 2002; Tajima & Erickson, 2001).  To 
discover the reasons for the findings using the model of L2 speech 
production (Kormos, 2006) will be an important challenge for future 
research. 
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4 .5  Summary of  Experiments  1 ,  2 ,  and 3 and Further  Study 
     Finally, this section briefly summarizes the findings of the 
Experiment 1,2, and 3, focusing on the common findings across the 
three experiments. 
     The three experiments investigated whether or not immediate 
repetition with auditory words was able to contribute to the 
pronunciation of English schwa produced by Japanese speakers in 
terms of duration ratio and quality.  It was a common finding across 
the three experiments that, overall, the auditory word repetition was 
effective in the acquisition of schwa in terms of duration ratio.  On 
the other hand, little (Experiment 1) or no improvement (Experiment 
2 & 3) was observed for the aspect of quality.  In other words, the 
Japanese participants in Experiments 1, 2, and 3 might have been 
able to utilize the acoustic information to improve the dimension of 
the duration ratio, but they were less sensitive to the acoustic 
property of quality and thus failed to improve their pronunciation in 
this respect. 
     As aforementioned, this result may be able to be explained by 
the phonetic feature hypothesis proposed by McAllister, Flege, & 
Piske (2002), which claims that L2 learners cannot utilize the acoustic 
features they do not employ in their L1 processing, and the 
established ways of processing L1 speech thus tend to persist both in 
L2 processing and production (see Chapter 3 for the details).   
     Thus, Japanese learners of English have great difficulty in 
developing their pronunciation of the English schwa.  However, as 
previously mentioned in literature review, according to Akita’s 
longitudinal study  (2001) targeting three Japanese learners 
studying in the United Kingdom (U.K.), two out of them improved 
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their quality English schwa.   
     The different results between Akita’s study and the current 
study might lie in several causes.  First, the amount of the input 
English learners receive differs between the participants of the two 
studies.  Learners in the ESL setting in U.K. have a much larger 
English input than those in the EFL setting in Japan.  Second, in the 
U.K. there are more opportunities for learners to receive feedback on 
their pronunciation or become aware of the gap between their 
pronunciation and the pronunciation of natives by communicating 
with people inside and outside the classroom.  Third, English levels 
of the participants in Akita’s study (the learners at the intermediate 
high levels who tried to achieve IELTS 7.0) are assumed to be higher 
than those of the participants in the current study (the learners at 
intermediate levels).  Learners at higher proficiency levels may be 
more likely to notice the gap between their pronunciation and the 
target sound made by native speakers in ESL settings. 
     Given this, how can Japanese learners of English with 
intermediate levels improve the quality of the English schwa in EFL 
settings with a limited study time and/or input? 
     Before discussing this issue, recall the model of bilingual speech 
production presented in Experiment 2 in Chapter 4 (Kormos, 2006, p. 
168; Roelofs, 1997b, from Kormos, 2006, p.110).  There are three 
basic stages in L2 speech production: 
(1) Phonological encoding:  
[a] This stage first deals with accessing the metrical structure 
of a phonological word.  
[b] Then, it involves the syllabification of the words and the 
assignment of phonemes in the syllables. 
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(2) Phonetic encoding:  
The parameters for phonetic features (e.g., pitch, duration) 
are set for each phoneme. 
(3) Articulatory:  
The program set in (2) is carried out by controlling 
articulatory movement.  
 
     The present study through Experiment 1, 2, and 3 focused on 
facilitating the process of stage (1), Phonological encoding [b] and 
stage (2), Phonetic encoding (Kormos, 2006, p. 168) by enhancing the 
auditory input provided by the learners by increasing or externally 
modifying the input (enhancing syllables) to make the learners focus 
on it.  However, it seemed the repetition practice with the enhanced 
auditory input in the present study was only effective for improving 
the duration ratio, but it did not improve the quality aspect of schwa.   
     To facilitate the acquisition of the quality aspect, during L2 
speech production, it may be important to direct the learners’ 
attention to the last stage in the model of L2 speech production, (3), 
Articulatory (Kormos, 2006, p. 168), on which the present study did 
not focus.  As previously mentioned (Chapter 1), Kondo (2000) 58 
reveal the difference in coaritulation strategies between Japanese 
learners of English and native speakers of English.  By drawing 
participants’ attention to the visual information necessary for 
articulating schwa, such as by showing internal articulatory 
                                                      
58 Japanese speakers were likely to articulate each vowel clearly without 
the reduced vowel being assimilated into neighboring sounds, as influenced 
by the L1 coarticulation strategy, while native speakers of English 
coarticulate successive sounds, reflecting the place of articulation of 
adjacent consonants on the quality (the second formant frequency, F2) of 
schwa.   
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movements—more specifically, jaw movements for the first formant 
(F1) and tongue movements for F2 on the computer screen, especially 
considering the influence of adjacent phonetic consonants for F2—the 
quality aspect of schwa might be improved.    
      In addition, the author of the present study has proposed one 
possible method for teaching schwa from the perspective of 
coarticulation: to have learners visualize that mid-central schwa as 
connected by rubbers to full vowels exhibited in the peripheral areas 
of the vowel space and that the tongue jumps back to the central 
position after the articulation of a full vowel (Otaka & Sugiura, 2006).  
Since Japanese speakers tend to articulate each mora (sounds) clearly 
in L1 than in English (Kondo 2000), it is important to have them 
realize that the English sounds are connected in articulation.     
     Recently, a number of studies have suggested the effectiveness 
of incorporating visual speech information in L2 perception and 
production learning (e.g., Erdner & Burnham, 2005, Hardison, 1998, 
2003; Ortega-Llebaria, Faulkner, & Hazan, 2001).  Indeed, a 
well-developed phonological representation may include visual (e.g., 
lip and face movement) as well as auditory information (e.g., speech 
sounds) about a word ( e.g., Rvachew, Gaines, Cloutier, & Blanchet, 
2003; Swan & Goswami, 1997a).  
     Enriching phonological representation through visual 
information about the articulation of schwa in addition to auditory 
information might be necessary for Japanese speakers to acquire the 
target-like pronunciation of the English schwa, especially the aspect 
of quality.  Further investigation into this topic might provide novel 
insights for effectively improving the pronunciation of English schwa 
in terms of quality produced by Japanese speakers. 
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Conclusion 
 
     This dissertation investigated how Japanese speakers produce 
the English schwa and whether or not and how they can improve with 
repetitive auditory practice, focusing on the duration ratio and 
quality aspects.  This chapter discusses the significance of the 
primary findings of this dissertation and will propose directions for 
future research.  
 
Summary of  Findings  
     The present study investigated how Japanese speakers perceive 
(Chapter 2) and pronounce the English schwa (Chapter 3) in words 
and how they can improve its pronunciation (Chapter 4).  The major 
findings are as follows: 
 
(1) Previous research has argued for loanword adaptation being 
oriented in either the phonological approximant or the phonetic 
approximant.  The present study provides evidence supporting 
the phonetic views, clearly demonstrating that Japanese speakers 
adapt the English schwa into a variety of Japanese vowels, 
reflecting its characteristics of quality, which differ in accordance 
with the adjacent phonetic sounds (Chapter 2). 
(2) The schwas in certain phonetic/phonological contexts may be more 
difficult to learn for L2 learners than those in other contexts; 
however, this issue has not been thoroughly investigated.  The 
present study had revealed that Japanese learners of English at 
the intermediate level (CEFR B2 or B1) have problems producing 
a native-
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syllable of a word (initial schwa), in terms of the duration ratio.  
On the other hand, advanced learners (CEFR C1) performed at the 
native-speaker level (Chapter 3). 
(3) With regard to the quality aspect of schwa pronunciation, even 
advanced-level learners cannot produce native-like schwa in a 
word, regardless of the position of schwa in a word (Chapter 3).  
Relating to the quality of schwa pronunciation, the present study 
has shown that when orthographic information is available, 
Japanese speakers tend to over-rely on the information and to 
pronounce schwa based on the L1 grapheme-phoneme convention 
(Chapter 3).  This is the case even when auditory and 
orthographic information are simultaneously presented, as 
observed in the analysis of the loanword adaptation of English 
schwa into Japanese (Chapter 2).  
 
To determine whether Japanese speakers can improve the 
pronunciation of English schwa (including overcoming the problems 
in the pronunciation of schwa mentioned in (2) and (3) above) by 
means of the immediate repetition of auditory words, the present 
study conducted three original experiments that controlled the 
amount and quality of input, which are key factors in second language 
acquisition.  The major findings and contributions are as follows: 
 
(1) The present study has clearly shown that the pronunciation of 
initial schwa that is problematic in terms of duration ratios 
overcome by intensive repetition of auditory words (Chapter 4: 
Experiment 1).  
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(2) The present work has revealed that the repetitive effect on 
problematic initial schwa (weak-strong stress patterns) persisted 
as long as one week (Experiment 1), suggesting that 
weakly-represented structure (a marked pattern) receives the 
persistent effect. 
(3) Interestingly, the repetition effect on the initial schwa in a “novel” 
word was not evident until one week later, showing that it takes a 
long time to consolidate the auditory input that is taken into 
learners’ memories (phonological representation) (Experiment 1).   
(4) No difference is observed between five and ten repetitions, 
showing that the repetition effect is maximized by the fifth time 
for the duration ratio aspect of schwa (Experiment 1). 
(5) The present study has shown that the amount of input and the 
timing of the presentation of orthography during the auditory 
repetition training are important factors in the improvement of 
the pronunciation of English schwa (duration ratio) by Japanese 
speakers, when considering the appropriate and strong 
connection between orthographic and phonological 
representations (Experiment 2). 
(6) The provision of acoustical enhancement of the syllables in a word 
during repetition training can facilitate the improvement of 
pronunciation of schwa in terms of duration ratio (only when the 
pronunciation is examined by immediate auditory repetition of 
words).  This suggests that directing the learners’ attention to 
the syllables contributes to forming the phonological 
representation of target-like word stress (i.e., the duration ratio 
of schwa) (Experiment 3).  
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(7) Overall, the effect of repetition has been shown in the duration 
ratio, while the effect was not clearly revealed in quality (F1 and 
F2 values) despite of increasing the number of auditory 
repetitions and enhancing syllables of the auditory input.  This 
suggests that other approaches, such as drawing attention to 
articulation of schwa, need to be considered to improve the 
quality of schwa.  
(8) In regard to the experimental approach, the present study has 
demonstrated that the immediate repetition of auditory words 
can help modify the existing phonological representation and 
establish new ones in the learners' lexicon.  This facilitates L2 
pronunciation improvement of the English schwa (duration 
aspect).  This finding extends previous L1 and L2 studies that 
have shown the effectiveness of facilitation in speech processing 
to the field of L2 speech production (pronunciation). 
(9) Finally, the present study sheds light on the amount of input and 
the linguistic features in input that learners can attend to and 
intake during the repetition with auditory words (speech 
processing) and access and retrieve later (pronunciation).  By 
doing so, this study provides an idea of the importance of 
integrating insights from phonological processing into L2 
pronunciation pedagogy.  
 
Future Research 
     There are several questions that need to be investigated in 
future research: 
(1) The present study focused on schwa, including the word.  In 
future research, however, it will be important to investigate 
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schwa in the phonological word (i.e., prosodic word),59 which is 
the minimum unit of articulation (Levelt, 1989).  This will 
enable us to comprehensively explore the phonological encoding 
mechanism in the system of L2 speech production, which is still a 
developing area in which more extensive study is warranted 
(Kormos, 2006, p.110).  
(2) In Chapter 4, the current study investigated the improvement of 
English schwa by controlling the amount and characteristics of 
input.  To promote further understanding of L2 phonological 
development, further research is necessary to consider what 
specific linguistic features (e.g., prosodic information, rhythmic 
patterns) and in what condition (e.g., speech rate, quality of voice) 
the phonetic and acoustic information of auditory input are taken 
in the phonological representations during auditory word 
repetition tasks. 
(3) The present study focused on auditory word repetition, in which 
implicit learning is involved, to improve the pronunciation of 
English schwa.  In future study, the comparison between the 
effect of implicit and explicit learning (e.g., feedback, explicit 
phonetic instruction, the partial recast), or the combination of 
both, might be interesting given that previous research has 
shown that explicit instruction could help improve L2 learners’ 
pronunciation of prosody to some extent (e.g., Akita, 2005; Moyer, 
1999).  Also, it is interesting to investigate which teaching 
methods, implicit or explicit learning or a combination, are 
                                                      
59 The definition of phonological word by Wheeldon and Lahiri (1997) is “the 
head of the minimal prosodic constituent above the foot, to which clitic-like 
words usually unstressed function words can attach. All full lexical words 
are phonological words which must be minimally one foot.” 
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appropriate for developing specific sounds, including segmentals 
and suprasegmentals. 
 
     To conclude, while a number of questions remain for future 
research, the present study investigating L2 pronunciation of English 
schwa by Japanese speakers have been able to provided novel insights 
into L2 speech perception and production teaching and research from 
the perspectives of L2 phonetic/phonological processing.  
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Appendices  
 
Existing loanwords lists (Chapter 2)  
An underlined vowel in each English word is pronounced as schwa.   
 
(a) Schwa in a pre-tonic syllable 
(1) Schwa preceded by a labial consonant 
 
 
 
 Source language: English  
Words    
Adapted language: Japanese 
Vowels            Katakana words 
1 positioning   [o] 
!	   
2 position [o] 
!      
3 possession  [o] 
!    
4 botanical [o]  
5 potato [o]  
6 potentiality [o] !
 
7 potential [o] !
 
8 polygamy [o]  
9 police [o]  
10 political [o]  
11 polyphony [o]   
12 polemic [o]  
13 bolero [o]   
14 polonium [o]   
15 mosquito [o]  
16 monogamy [o]  
17 monotony [o]  
18 monopoly [o]  
19 morality [o]  
20 morale [o] 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(2) Schwa preceded by a coronal consonant 
 
 
 
 
 
 
 
 Source language: English  
Words    
Adapted language: Japanese 
Vowels            Katakana words 
1 tobacco [a]  
2 today [ɯ] ( 
3 tonight [ɯ] ) ( 
4 tomorrow [ɯ] #' 
5 toccata [o]  
6 Tobago [o]  
7 Tobias [o]  
8 toboggan [o] 	( 
9 topography [o] % 
10 topology [o] ' 
11 tomato [o]   
12 dominion [o] !( 
13 domination [o] !$( 
14 domain [o] "( 
15 domestic [o] "
 
16 Toledo [o] & 
17 Toronto [o] '( 
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 (3) Schwa preceded by a dorsal consonant 
 
 
 
 
 
 
 
 
 Source language: English  
Words    
Adapted language: Japanese 
Vowels            Katakana words 
1 cholesterol [o] 
$%# 
2 cocaine [o] 
&  
3 collaboration [o] 
"$!& 
4 collage [o] 
"  
5 collect [o] 
$ 
6 colloquial [o] 
%# 
7 command [o] 
& 
8 commander [o] 
& 
9 commercial [o] 
# 
10 commission [o] 
!& 
11 commissioner [o] 
! 
12 commit [o] 
 
13 communication [o] 
 	!& 
14 community [o] 
  
15 companion [o] 
&& 
16 compliance [o] 
&"& 
17 computer [o] 
&  
18 concentration [o] 
&&$!& 
19 conceptual [o] 
& # 
20 concert [o] 
& 
 
21 concurrent [o]  
22 condition [o] 
 
23 congratulation [o] 
 
24 conjunction [o] 
 
25 consult [o] 	 
26 consumer [o] 
 
27 consumption [o] 	
 
28 control [o]  
29 convenience [o]  
30 gorilla  [o]  
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(b) Schwa in a post-tonic syllable 
(1) Schwa followed by [m] 
 
 
 
 Source language: English  
Words    
Adapted language: Japanese 
Vowels            Katakana words 
1 atom [o]  
2 bottom [o]  
3 phantom [o] ! 
4 symptom [o] !! 
5 idiom [o] 	 
6 blossom [o]   
7 custom [a] 
 
8 freedom [a]  
9 handsome [a] ! 
10 income [a] !
 
11 kingdom [a] ! 
12 random [a] ! 
13 stardom [a]  
14 wisdom [a]  
15 transom [a] ! 
16 welcome [a] 
 
17 twosome [a]  
18 foursome [a]  
19 lonesome [a]  ! 
20 Absalom [o]   
 
21 carom [o]  
22 pogrom [o] 
  
23 Sodom [o]  
24 fathom [o] 	 
25 slalom [o] 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(2) Schwa followed by [n] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Source language: English  
Words    
Adapted language: Japanese 
Vowels            Katakana words 
1 iron [o] "# 
2 action [o] 	# 
3 accretion [o] 	!# 
4 agitation [o] # 
5 illusion  [o]  # 
6 weapon [o] #  
7 opinion [o] # 
8 carton  [o] # 
9 gallon [o] "# 
10 coupon [o] 	# 
11 connection [o] 	# 
12 common [o] # 
13 collection  [o] !	# 
14 salmon [o] # 
15 silicon [o] # 
16 skeleton [o] 
 # 
17 demon [o] # 
18 dragon [o] # 
19 patron [o] "# 
20 piston [o] # 
 
 21 falcon [o]  
22 fiction [o] 
 
23 bacon [o]  
24 cinnamon [o] 
 
25 hexagon [o] 	 
26 melon [o]  
27 ribbon [o]  
28 lemon [o]  
29 London [o]  
30 wagon [o]  
31 Eton [o]  
32 nekton [o]  
 
